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The  Three  Hundred  and  Thirty- Fifth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  25,  Great  George  Street,  West- 
minster, on  Thursday  evening,  November  i6th,  1899 — 
Mr.  J.  W.  Svi^AN,  F.R.S.,  Ex-President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
May  25th  were  read  and  approved. 

The   names  of  new  candidates   for    election    into  the 
Institution  were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  oeen 
approved  by  the  Council,  viz.  : — 

From  the  class  of  Associates  to  that  of  Members — 


Harry  Otto  F.  Bindcmann. 
John  Richard  Bainton. 


W.  S.  Furby. 

Robert  Edward  Pemberton  Pigott. 


From    the    class    of    Associates    to  that   of    Associate 
Members — 


Herbert  James  Allen. 
Howard  S.  Baker. 
Thomas  Gooch  Aldrich. 
Russell  Ailport. 
Thomas  Dawson  Clothier. 
James  Edgar. 
Edmund  John  Fox. 
David  J.  Gadsby. 
Walter  Hibbert. 
A.  B.  Layton. 
W.  M.  L'Estrange. 
William  Lund. 


Victor 


VOL.  XXIX. 


A.  E.  Mayes. 
Ernest  Mercer* 
E.  A.  Mitchell. 
Arthur  Patrick  O'Brien. 
Arthur  P.  Patey. 
Samuel  Rignold  Pcdroza. 
Alfred  Lovell  Phillips. 
Thomas  Rungay. 
Henry  Mannington  Sayers. 
Harry  E.  Stobie. 
W.  B.  Winfield. 
George  Herbert  Wyatt. 
Zingler* 
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From  the  class  of  Students  to  that  of  Associates — 

Edward  George  Brown.  f  Leopold  J.  Harris. 

Arthur  F.  R.  Curteis.  |  Robert  Alexander  D.  Macalister. 

Bertrice  L.  Roberts. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from — 

Mr.  Charles  Aburrow,  The  Astronomer  Royal,  M.  Omcr  de  Bast, 
M.  Gustavo  D'Orso,  Messrs.  Gauthier  Villars  et  Fils,  Mr.  J.  Graham, 
The  Institution  of  Mechanical  Engineers,  Mr.  W.  J.  Hammer,  Mr. 
W.  H.  Lindley,  Mr.  D.  R.  Walker ;  and  from  Mr.  Charles  Bright,  Mr. 
J.  J.  Fahie,  Mr.  W.  Perren  Maycock,  Mr.  J.  Clifton  Robinson,  Sir  Charles 
Todd,  Mr.  A.  P.  Trotter,  Mr.  C.  H.  Wordingham,  Members  ;  Mr.  F. 
Bathxirst,  Associate  Member ;  Mr.  B.  Tamaki,  Foreign  Member ;  and 
Mr.  W.  G.  McMillan,  Associate. 

To  all    of  whom,  on   the    motion    of   the    PRESIDENT,    a 
vote  of  thanks  was  unanimously  accorded. 

The  Secretary  read  the  following  letter  from  the  Home 
Secretary : — 

"  Home  Office,  Whitehall,  yttne  14,  1899. 

"  Sir, — I  have  had  the  honour  to  lay  before  the  Queen  the  Address 
conveying  to  Her  Majesty  the  congratulations  of  the  Institution  of 
Electrical  Engineers  on  the  occasion  of  her  Eightieth  Birthday,  which 
Address  Her  Majesty  was  pleased  to  receive  very  graciously. 

•*  I  have  the  honour  to  be, 

"  Your  obedient  servant, 

"  M.  W.  RIDLEY. 
*'  The  Secretary  to  the  Institution  of  Electrical  Engineers,  Victoria 
Mansions,  28,  Victoria  Street,  S.W." 

The  Secretary  read  the  following  letter  from  Colonel 
Huber  : — 

"Zurich,  Odober 26,  1899. 

"  To  the  President  and  Members  of  the  Insiiiuiion  of  Electrical  Engineers, 

London. 

"Gextlemex, — On  your  visit  to  Switzerland  and  its  electrical 
industries  in  September  last,  you  were  kind  enough,  before  you  left 
Zurich,  to  present  me  a  most  valuable  album  containing  the  portraits  of 
the  Presidents  of  your  honourable  Institution,  and  the  signatures  of  the 
members  present  in  Ziirich. 

"  I  am  indeed  very  proud  of  such  a  token  of  your  esteem,  and  I 
have  the  greatest  pleasure  in  thinking  that  what  littie  we  could  show 
you  in  our  small  country  has  been  of  interest  to  you  and  has  given  you 
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some  satisfaction.  I  return  you  nay  sincerest  thanks  for  this  rare  pre- 
sent, and  shall  always  consider  it  as  a  precious  remembrance  of  the 
visit  by  which  your  illustrious  Institution  honoured  the  electrical 
industry  and  science  of  my  country. 

"  I  regretted,  more  than  I  can  describe,  my  having  been  prevented 
both  welcoming  you  on  your  visit  to  Switzerland,  and  from  receiving 
the  kind  present  from  your  dear  President  personally. 

"  Having  now  recovered  satisfactorily,  I  hasten  to  repeat  my  thanks, 
which  my  son  has  already  expressed  you,  both  for  the  album  and  for 
your  visit  in  general. 

"With  my  sincerest  wishes  for  the  further  prosperity  of  the 
Institution  of  Electrical  Engineers, 

"  I  am  most  sincerely  yours, 

"G.  E.  HUBER." 

The  Chairman  (Mr.  J.  W.  Swan) :  It  seems  to  belong  to 
this  part  of  our  proceedings  to  make  the  announcement  that 
last  week  the  Council  received  the  following  letter  from 
our  Honorary  Member,  Mr.  Henry  Wilde,  F.R.S.,  an- 
nouncing his  offer  of  the  sum  of  ^^1,500  for  investment  as 
a  Benevolent  Fund  for  the  benefit  of  members  of  the  Insti- 
tution, with  observations  on  the  evolution  of  the  dynamo- 
electric  machine : — 

"Alderley  Edge,  Cheshire, 

November  2,  1898. 

"  To  the  Council  of  the  Institution  of  Electrical  Engineers. 

*'  Last  year,  by  the  favour  of  the  Council,  I  was  elected  an 
Honorary  Member  of  the  Institution  of  Electrical  Engi- 
neers. The  exceptional  character  of  this  honour  was  duly 
appreciated  by  me,  and  I  naturally  concluded  that  the  dis- 
tinction had  been  conferred  from  a  fair  knowledge  of  my 
contributions  to  electrical  science,  both  pure  and  applied. 
I  notice,  however,  that  one  of  the  members  of  the  Council 
(Prof.  J.  A.  Ewing,  F.R.S.),  in  the  course  of  his  recent 
James  Forrest  Lecture  on  Magnetism,  delivered  before  the 
Institution  of  Civil  Engineers,  has  made  mention  of  my 
name  and  work  in  connexion  therewith  in  such  a  manner 
as  to  require  some  justification  in  the  eyes  of  the  general 
body  of  the  members  of  the  Institution  for  the  honour  the 
Council  have  done  me.  I  have,  therefore,  thought  it 
desirable,  though  at  the  risk  of  incurring  the  imputation  of 
egotism,  to  set  forth  in  order  a  brief  record  of  my  work  in 
connexion  with  magnetical  and  electrical  science,  both  for 
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the  satisfaction  of  the  Council  and  as  a  duty  which  I  owe 
to  my  own  reputation. 

"Your  Honorary  Member  commenced  his  career  as  a 
mechanical  engineer  under  a  regular  apprenticeship,  and, 
through  his  inventive  ability  and  other  qualities,  was 
placed  in  a  responsible  and  lucrative  position  by  the  firm 
where  he  was  employed,  before  attaining  his  majority. 
From  his  youth  he  has  had  a  strong  predilection  for  the 
natural  sciences — the  construction  of  electrical  machines, 
voltaic  batteries,  electrotyping  cells,  electric  kites,  and  other 
scientific  apparatus  being  the  interests  and  amusements  of 
his  leisure  hours. 

"  In  1856  your  Honorary  Member  commenced  to  practise 
on  his  own  account  as  a  telegraph  and  lightning-conductor 
engineer,  and  took  out  his  first  patent  in  connexion  with 
these  branches  of  applied  electricity  in  1858.  It  was 
during  the  course  of  his  wide  practice  as  a  lightning- 
conductor  engineer  that  he  observed  the  influence  of  gas- 
and  water-pipes  in  determining  the  direction  of  a  discharge 
of  lightning  and  the  danger  from  fire  and  other  damage 
arising  therefrom.  He  also  adopted  the  necessary  means 
for  averting  this  danger  by  connecting  the  lightning- 
conductor  with  the  gas  or  water  mains,  and  subsequently 
published  an  account  of  his  observations  in  the  Philoso- 
phical Magazine,  1872.  His  recommendations  have  since 
been  adopted  by  the  Lightning  Rod  Conference  (1882),  and 
by  other  scientific  committees  abroad  which  have  investi- 
gated the  subject. 

"During  the  years  1861-1863  your  Honorary  Member 
took  out  several  patents  for  his  inventions  connected  with 
the  magneto-electric  alphabetic  telegraph,  and  ultimately 
succeeded  in  producing  an  instrument  which  compared 
favourably  with  all  others  of  the  like  class  in  the  rapidity 
and  facility  with  which  messages  could  be  transmitted.  To 
carry  out  his  telegraph  inventions  he  found  it  necessary  to 
obtain  a  special  Act  of  Parliament  under  the  powers  of  the 
General  Act  of  1862.  This  special  Act  was  the  first  and 
only  Act  granted  until  the  acquisition  of  the  telegraphs  by 
the  Government  in  1870. 

"  During  the  course  of  his  experiments  with  the  later 
form  of  his  telegraph  instruments,  your  Honorary  Member 
observed  the  great  increase  of  power  of  an  electro-magnet 
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above  that  of  the  permanent  magnets  of  the  magneto- 
electric  machine  which  excited  it  This  observation  led  him 
up  to  the  discovery  of  the  principle  and  invention  of  the 
dynamo,  as  the  machine  is  now  called.^  The  invention  is 
described  and  figured  in  the  specifications  of  his  patents  of 
December,  1863,  and  October,  1865.  Her  Majesty's  Privy 
Council  granted  your  Honorary  Member  an  extension  of 
these  patents  from  fourteen  to  twenty-one  years. 

"  In  a  paper  which  was  read  before  the  Royal  Society  in 
April,  1866,  your  Honorary  Member  formulated  the  proposi- 
tion that  quantities  of  magnetism  and  electricity  indefinitely 
small  will  induce  quantities  of  these  forces  indefinitely  great. 
The  proposition  was  demonstrated  by  experiments  on  a 
large  scale  in  which  a  powerful  electric  light  was  evolved 
for  the  first  time  from  a  dynamo  machine  {Proc,  Roy.  Soc, 
April,  1866  ;  Phil.  Trans.,  1867).  It  was  reserved  for  the 
Executive  Council  of  the  International  Inventions  Exhibi- 
tion, London,  1885,  to  award  your  Honorary  Member  a 
medal  of  honour  for  his  discovery,  in  the  terms  of  the 
proposition  formulated  in  his  paper,  although  not  an 
exhibitor. 

"  It  was  subsequently  found  by  several  electricians  that 
the  residual  or  permanent  magnetism  of  iron  could  be  used 
as  the  initial  stage  of  the  indefinite  increase  of  the  mag- 
netism of  a  dynamo  by  the  simple  device  of  coupling  up, 
directly,  the  electro-magnet  and  armature  circuits  of  the 
original  dynamo  described  by  your  Honorary  Member 
without  any  change  whatever  in  its  construction  or  in  the 
principle  on  which  it  is  based.  This  device,  valuable  as  it 
has  since  been  found  in  practice,  had,  however,  the  dis- 
advantage of  the  resultant  current  being  in  one  direction 
only,  while  the  separately  excited  dynamos  produced  alter- 
nating or  direct  currents  of  different  orders  as  required, 
without  altering  the  windings  of  the  field  magnets.  More- 
over, by  reason  of  the  residual  or  permanent  magnetism  of 
his  large  dynamo  being  many  times  greater  than  that  of  the 
small  steel  magnets  of  the  magneto-electric  machine  which 
excited   it,  the  general  principle    of    indefinite    magnetic 


'  Science  owes  the  invention  of  the  term  DynamO'Cleciric  Machine  to 
Charles  Brooke,  F.R.S.,  who  applied  it  expressly  to  Wilde's  Electro- 
magnetic Generator.    {Proc,  Roy,  Soc.j  vol.  xv.  (1867)  p.  409.) — H.  W. 
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accumulation,  as  formulated  and  demonstrated  by  your 
Honorary  Member,  is  common  to  every  class  of  dynamo 
machine. 

"In  1868  your  Honorary  Member  discovered  the  property 
of  the  alternating  current  to  control  and  render  synchronous 
the  rotations  of  a  number  of  dynamos,  by  v^hich  their  united 
power  can  be  obtained  without  the  use  of  mechanical  gear- 
ing and  independently  of  the  relative  position  and  distance 
of  the  separate  dynamos  from  each  other.  This  property 
of  the  alternating  current  was  fully  described  by  him,  with 
its  advantages,  in  a  paper  read  before  the  Manchester 
Literary  and  Philosophical  Society,  and  published  in  its 
Proceedings.  Also  in  the  Philosophical  Magazine^  January, 
1869;  The  Engineer,  vol.  xxvii.  (1869)  p.  252;  Amiales  de 
Chimie  et  de  Physique,  vol.  xvi.  (1869)  p.  487.  The  syn- 
chronism of  a  pair  of  small  magneto-electric  machines  was 
also  exhibited  at  a  soir6e  of  the  Royal  Society  in  the  same 
year.  This  property  of  the  current  is  an  essential  feature  in 
the  combination  of  alternating  dynamos  at  Niagara,  Geneva, 
and  other  central  distributing  stations. 

"In  the  course  of  a  lecture  delivered  before  the  Institution 
of  Civil  Engineers  in  1883,  the  late  Dr.  John  Hopkinson 
brought  forward  the  synchronous  rotation  of  alternating 
dynamos  as  a  theoretical  prevision  of  his  own,  but,  on  his 
attention  being  directed  to  the  prior  publication  of  the  dis- 
covery, he  acknowledged  the  reclamation  in  subsequent 
papers.  Nevertheless,  the  ill-advised  friends  of  Dr. 
Hopkinson,  notably  Prof.  J.  A.  Ewing  {Proc.  Roy,  Soc, 
vol.  Ixiv.,  February,  1899),  have  again  brought  forward 
this  belated  prevision,  with  full  knowledge,  but  without 
mention,  that  the  discovery  had  been  made  experimentally 
and  published  some  years  previously.  Your  Honorary 
Member  now  thinks  it  well  to  state  that  an  account  of  the 
synchronous  rotation  of  alternating  dynamos  was  written 
by  himself  for  Stevenson's  Lighthouse  Illuminaiion,  2nd 
edition  (1871),  p.  165.  In  the  preface  to  this  standard  work 
on  Lighthouse  Optics,  the  author  expresses  his  obligations 
for  many  valuable  suggestions  made  by  his  friend  Mr. 
James  T.  Chance,  the  head  of  the  firm  w^here  Dr.  Hopkin- 
son was  employed  for  some  years  as  an  expert  in  Light- 
house Optics.  Now,  it  would  be  a  reflection  on  the 
intelligence   and   industry   of  the   late   Dr.    Hopkinson  to 

Digitized  by  LjOOQ  IC 


1899.]  LETTER  FROM   MR.  WILDE.  7 

suppose  that  he  had  not  carefully  studied  the  important 
work  of  Stevenson,  consisting,  as  it  does,  of  only  236 
pages.  It  is,  therefore,  much  more  probable  that  the  idea 
of  the  synchronous  rotation  of  alternators  was  drawn  un- 
consciously from  Dr.  Hopkinson's  memory  than  from  the 
inspiration  of  his  genius. 

"  In  March,  1867,  your  Honorary  Member  invented  and 
patented  the  multipolar  alternating  dynamo,  both  self  and 
separately  excited.  This  dynamo,  with  the  mode  of  exciting 
it,  is  the  type  of  all  the  large  alternators  employed  at 
Niagara,  Geneva,  and  other  places.  The  great  hydro-electric 
installation  at  Niagara  is  a  complete  embodiment  of  the  dis- 
coveries and  inventions  of  your  Honorary  Member  in  con- 
nexion with  the  generation  of  electricity,  as — (i)  It  is  based 
on  the  principle  of  the  indefinite  increase  of  the  magnetic 
and  electric  forces  from  quantities  indefinitely  small ;  (2) 
the  field  magnets  of  the  dynamos  are  excited  by  the  currents 
from  separate  dynamo  machines  in  accordance  with  the 
specifications  and  claims  of  his  patents  of  1865  and  1867  ; 
(3)  the  alternators  are  multipolar,  excited  by  a  separate 
dynamo  as  described  and  claimed  in  his  patent  of  March, 
1867  ;  and  (4)  the  synchronising  property  of  the  alternating 
current  is  utilised  to  obtain  the  united  power  of  a  number 
of  dynamos  without  the  use  of  mechanical  gearing. 

"  The  first  practical  application  of  the  dynamo  to  the  arts 
of  life  was  made  directly  by  your  Honorary  Member  to  the 
electro-deposition  of  metals  from  their  solutions  (1867-80)  ; 
his  dynamos,  both  in  their  two  polar  and  self-exciting 
multipolar  forms,  soon  superseding  the  voltaic  battery  in 
the  principal  electro-plating  and  electro-typing  establish- 
ments in  this  country  and  abroad.  They  were  also  largely 
employed  (1868)  in  the  electrolytic  process  of  refining 
copper  invented  by  Mr.  James  B.  Elkington,  and  for  the  like 
purpose  by  the  Mansfeld  Mining  Company,  Saxony  (1873). 
Your  Honorary  Men^ber  has  since  shown  that  the  principle 
underlying  the  electrolytic  process  of  refining  copper,  and 
on  which  its  commercial  success  depends,  is  the  indefinite 
increase  of  the  electro-chemical  forces  from  quantities 
indefinitely  small,  as  the  current  from  a  single  voltaic  cell 
will  electrolyse  copper-sulphate  solutions  in  an  indefinite 
series  of  electrolytic  cells  (Manchester  Memoirs,  vol.  xl.,  1896). 

"In  1875-76  your  Honorary  Member  succeeded  for  the 
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first  time  in  electro-coating  large  iron  cylinders  with  an 
adhesive  layer  of  homogeneous  copper,  suitable  for  engrav- 
ing upon  and  for  other  purposes.  The  process  formed  the 
subject  of  two  of  his  patents,  and  has  now  become  a  con- 
siderable industry. 

"From  1873  to  1880  your  Honorary  Member  adapted  his 
self-exciting  multipolar  dynamos  to  the  production  of  the 
search-light  in  the  Royal  Navy ;  his  hand  electric-light 
regulator,  patented  in  1873  and  now  in  universal  use, 
forming  part  of  the  equipment.  After  lengthened  trials  at 
Spithead  by  a  joint  War  Office  and  Admiralty  Committee, 
his  search-light  was  adopted,  and  a  number  of  first-class 
battleships  were  equipped  with  it  under  his  direction. 
Annexed  is  a  copy  of  a  report  of  the  Admiral  commanding 
the  Channel  Squadron  on  the  search-light  established  on 
H.M.S.  Minotaur,  1875. 

"  In  the  foregoing  review  of  his  own  inventions  and  con- 
tributions to  knowledge  connected  with  the  evolution  of 
electricity  and  magnetism,  your  Honorary  Member  is  not 
unmindful  of  the  important  improvements  that  have  been 
made  subsequently  by  other  inventors  in  the  same  field. 
He  would  specially  mention,  as  the  most  prominent  of 
these  improvements,  (a)  the  utilisation  of  the  residual 
magnetism  of  iron  as  the  initial  stage  of  the  excitation  of 
the  field  magnets  of  dynamos ;  (b)  the  production  of  con- 
tinuous currents  from  dynamos,  as  distinguished  from 
alternating  waves-  of  electricity ;  (c)  the  compounding  of 
dynamos  for  the  automatic  regulation  of  the  quantity  of 
electricity  generated  to  the  amount  required  in  the  external 
circuit;  (rf)  the  subdivision  of  the  iron  of  the  armatures, 
and  the  improved  forms  and  proportions  of  the  several  parts 
of  dynamos,  whereby  their  efficiency  in  relation  to  the  ex- 
penditure of  mechanical  power,  with  economy  of  material, 
has  been  greatly  increased. 

"  On  the  expiration  of  the  several  patents  for  his  inven- 
tions and  the  extensions  thereof,  1884,  your  Honorary 
Member  retired  from  the  pursuit  of  the  practical  applications 
of  electricity,  but  he  continues  to  maintain  his  interest  in 
several  branches  of  scientific  research. 

"  During  the  years  1885-90  he  was  engaged  in  an  experi- 
mental investigation  of  the  causes  of  terrestrial  magnetism, 
and,  by  his  invention  of  the  Magnetarium,  he  has  succeeded 
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in  reproducing  all  the  principal  phenomena  of  the  earth's 
magnetism  and  the  secular  changes  in  its  horizontal  and 
vertical  components  for  long  periods  of  time.  He  has  also 
demonstrated  on  the  magnetarium  that  the  short  range  and 
period  of  westerly  declination  at  London  (24° — 160  years), 
the  long  range  and  period  of  westerly  declination  at  the 
Cape  of  Good  Hope  (30*' — 272  years),  and  the  rapid  change 
of  the  dip  in  the  Gulf  of  Guinea  (17  minutes  annually)  are 
electro-geometrically  correlated.  He  has  further  shown 
that  the  unsymmetrical  distribution  of  the  earth's  magnetism 
as  shown  on  the  charts  is  due  principally  to  the  unequal 
magnetic  intensity  of  the  land  and  ocean  areas  respectively 
(Proc.  Roy.  Soc,  1890,  1891,  1894).  Examples  of  his  mag- 
netarium, dynamos,  and  telegraph  instruments  have  been 
deposited  in  the  National  Museum  of  Inventions  and  Scientific 
Instruments  at  South  Kensington. 

"In  1890  your  Honorary  Member  made  a  series  of  experi- 
ments on  the  influence  of  temperature  on  the  magnetisation 
of  iron  and  other  magnetic  substances.  He  showed  that 
the  increase  of  the  magnetic  power  of  red-hot  iron  observed 
by  other  experimenters  is  only  apparent  and  so  small  in 
amount  that  it  cannot  be  detected  by  the  method  of  trac- 
tion, and  is  a  negligible  quantity  in  electrical  engineering. 
The  anomalous  increase  ^vas  found  to  be  due  to  the  screening 
action  of  the  external  parts  of  the  iron  when  cold,  as  the 
magnetic  needle  indicated  an  increase  or  decrease  of 
magnetic  power  according  as  the  mass  of  the  same  iron 
submitted  to  its  action  was  greater  or  smaller  (Proc.  Roy. 
Sac,  1891).  Your  Honorary  Member  has  designed  a  Magneto- 
meter, for  showing  the  influence  of  temperature  on  the 
magnetisation  of  iron  and  other  magnetic  substances, 
described  in  the  Manchester  Memoirs,  1895,  and  also  in  the 
Electrical  Review. 

"  He  has  also  determined  the  magnetisation  limit  of  iron 
at  normal  temperatures  by  the  single-pole  method  of  traction 
described  by  him  in  his  paper  on  the  influence  of  heat  on 
the  magnetic  power  of  this  metal.  His  experiments  show  a 
magnetisation  limit  for  iron  of  422  lbs.  per  square  inch  of 
section,  or  29*67  kilos  per,  sq.  cm.  (Proc.  Roy.  Soc,  vol.  Ixi., 
1897). 

"Lastly,  in  view  of  the  various  uses  to  which  your 
Honorary    Member  endeavoured   to   apply  his    electrical 
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discoveries  and  inventions,  he  formally  adopted  the  title 
of  "  Electrical  Engineer"  in  1871,  and  is  now  by  time  and 
circumstances  the  father  of  the  profession.  Recognising 
his  paternal  relation  to  this  the  latest  department  of 
engineering  science,  and  in  grateful  appreciation  of  the 
distinction  which  the  Council  have  conferred  upon  him, 
he  now  begs  to  offer  to  the  Institution  of  Electrical 
Engineers  the  sum  of  ;^i,5oo  (fifteen  hundred  pounds)  for 
investment  as  a  benevolent  fund  for  the  benefit  of  members 
of  the  Institution,  and  especially  for  those  who,  by  their 
discoveries,  inventions,  or  writings,  have  contributed  to 
the  advancement  of  electrical  science  and  its  practical 
appH  cations. 

"Henry  Wilde. 

''  (Copy.)  5470 

"  Enclosure  to  Admiralty  Letter  of  10:11:  76,  N.S,  9487 

"  REPORT  to  the  Lords  Commissioners  of  the  Admiralty  on  Wilde's 
Electro-Magnetic  Light  in  H.M.S.  Minotaur,  by  Rear-Admiral  Sir 
F.  Beauchamp  Seymour,  K.C.B.,  Commanding  the  Channel 
Squadron,  November  loth,  1876. 

" '  I.  The  Electro-Magnetic  Machine,  fitted  to  the  Minotaur  by  Messrs. 
Wilde  &  Co.,  has  now  been  in  use  for  seven  months,  and  having 
thoroughly  tried  it  under  all  circumstances  of  wind  and  weather,  in- 
cluding fog,  I  am  enabled  to  give  my  testimony  to  its  great  value. 

" '  2.  I  do  not  consider  that  a  vessel  blockading  an  enemy's  port,  and 
obliged  by  circumstances  to  remain  at  anchor,  would  be  safe  without  it. 

"'3.  It  would  be  of  the  utmost  use  in  a  night  action,  and  in  deter- 
mining the  character  of  a  vessel  approaching  the  ship,  carrying  it  by 
night.  These  points  have  been  amply  tested  in  the  Channel  Squadron 
since  November  last,  when  cruising  in  company  or  at  Night  Quarters. 

"  *  4.  For  the  ordinary  purposes  of  navigation  it  has  also  its  advantages, 
as  while  passing  through  a  narrow  channel  by  night  a  light  can  be 
thrown  on  either  shore  ;  the  amount  of  this,  however,  depends  much 
more  than  would  be  imagined  on  the  state  of  the  atmosphere  at  the 
time. 

"*5.  It  is  also  extremely  useful  when  vessels  are  approaching  or 
passing  each  other. 

"'6.  As  their  Lordships  arc  aware,  the  'Parabolic  Reflector,'  men- 
tioned in  your  letter  of  nth  Oct.,  1875,  was  not  fitted  on  account  of  the 
expense  ;  but  the  Dioptric  Lens  seems,  so  far  as  I  can  judge  (not  having 
seen  the  Reflector  in  use),  to  be  all  that  is  required. 

" '  7.  With  regard  to  its  use  for  signalling  purposes,  it  has  been  used 
on  several  occasions,  and  the  flashes  have  been  shown,  both  by  the 
vertical  ray  and  ^Iso  by  obscuring  and  showing  the  direct  ray  of  the 
light  alternately,  on  the  same  principle  as  Colomb's  Flashing  Light, 
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under  which  circumstances  it  has  been  found  very  useful,  as  illustrated 
by  the  fact  that  on  the  night  of  the  19th  H.M.S.  Black  Prince,  then 
distant  six,  and  Resistance  four  miles,  readily  took  in  a  signal  directing 
them  to  part  company  and  proceed  to  Plymouth. 

'*  *  8.  I  may  conclude  by  saying  that  this  machine  is  a  most  useful  and 
valuable  invention,  and  that  I  should  be  very  sorry  to  be  without  it  in 
any  squadron  in  which  I  may  have  the  honour  of  serving.'  " 

Up  to  the  present  time  the  existing  Benevolent  Fund 
has,  happily,  not  been  much  drawn  upon,  but  there  can 
be  no  question  that  in  the  future  such  a  fund  will  be  of 
immense  value  to  the  Institution.  Apart  from  Mr.  Wilde's 
new  Fund  it  amounts  to  ;^*i,ooo,  which  sum  was  recently 
made  up  by  a  large  donation  from  Mr.  Gray.  Now  the 
two  funds  together  will  be  in  possession  of  ;^2,5oo.  I  move 
a  hearty  vote  of  thanks  to  Mr.  Henry  Wilde  for  his  very 
generous  gift. 

The  vote  was  carried  by  acclamation. 
Mr.  Swan  then  presented  the  following  premiums  to  such 
of  tlie  recipients  as  were  able  to  attend  : — 

The  '*  Institution  Premium,"  value  £2^^  to  Mr.  P.  V.  McMahon, 

Member. 
The  "  Paris  Electrical  Exhibition  Premium,''  value  raised  to  ;£2o,  to 

Mr.  \V.  Duddell  and  Mr.  E.  W.  Marchant,  Associates. 
Two  "  Fahie  Premiums,"  value  ;^io  each,  to  Mr.  Marconi,  Member, 

and  Professor  Oliver  Lodge,  Member,  respectively. 
Extra  Premiums,  value  ;£io  each,  to  Mrs.  H.  Ayrton,  Member,  and 

Mr.  J.  Elton  Young,  Member. 
The  "  First  Students'  Premium,"  value  ;^io,  to  Mr.  W.  G.  Royal 

Dawson. 
The  "  Second  Students*  Premium,"  increased  in  value  to  ;£io,  to  Mr. 

M.  R.  Gardner  and  Mr.  R.  P.  Howgravc-Graham. 
The  "  Third  Students'  Premium,"  value  £Sy  to  Mr.  L.  Wilson. 
E.xti-a  Students'  Premiums,  value  £^  and  £2  respectively,  to  Mr.  L. 

R.  Morshead  and  Mr.  H.  M.  Dowsett. 
The  Salomons  Scholarship  to  Mr.  H.  J.  Thomson,  a  student  of  the 

Central  Technical  College. 

The  Chairman  :  You  are  all  aware  that  this  is  the  first 
Ordinary  General  Meeting  of  the  Session,  and  it  is  also  the 
first  inaugural  meeting  since  the  alteration  of  our  rules. 
You  will  remember  that  the  rules  were  so  altered  that  on  the 
election  of  the  President  and  Council  they  immediately 
entered  upon  executive  duty.  Hence  our  President  has  for 
several  months  been  performing  the  duties  of  his  office,  but 
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SO  far  he  has  not  taken  the  chair  as  President  at  an  Ordinary 
General  Meeting  at  the  beginning  of  a  session.  The  ques- 
tion arose  whether,  under  the  new  state  of  things,  seeing 
that  the  Ex-President  had  been  so  long  out  of  office,  it  was 
proper  to  retain  the  old  practice  of  his  formally  inducting 
the  new  President  into  the  Chair.  It  was  referred  to  the 
President,  and  he  decided  that  it  was  desirable  to  retain  the 
ancient  procedure.  Therefore  it  is  that  I  am  here  to-night 
in  the  place  I  have  occupied  so  often,  and  with  so  much 
pleasure.  But  I  am  only  brought  back  to  official  life  for  the 
moment  in  order  to  perform  a  final  act,  and  that  a  most 
agreeable  one,  viz.,  to  introduce  my  successor,  and  to 
bespeak  for  him  all  the  considerate  kindness  you  have 
shown  to  me. 

With  very  great  pleasure  I  now  give  place  to  Dr. 
Thompson,  confident  that  the  interests  of  the  Institution 
will  be  well  cared  for  during  his  tenure  of  office,  and  that 
the  work  will  be  continued  under  conditions  that  will  ensure 
not  merely  the  maintenance  but  the  increase  of  the  prestige 
and  prosperity  of  the  Institution. 

Dr.  SiLVANUS  Thompson,  F.R.S.,  then  took  the  Presiden- 
tial Chair,  vacated  by  Mr.  Swan. 

Sir  Henry  Mange  :  It  is  my  privilege,  in  accordance 
with  a  time-honoured  custom,  to  ask  you  to  place  on  record 
your  thanks  to  the  Past-President  for  his  services.  I  there- 
fore beg  to  propose  the  following  resolution  : — "  That  the 
cordial  thanks  of  the  members  of  the  Institution  of  Electrical 
Engineers  be  offered  to  Mr.  Swan  for  the  admirable  manner 
in  which  he  has  filled  the  position  of  President  during  his 
seventeen  months  of  office,  and  for  the  unremitting  zeal  and 
care  which  he  has  devoted  to  the  interests  of  the  Institution 
and  the  duties  of  his  office." 

I  am  sure  that  this  is  a  resolution  which  you  will  pass 
with  acclamation.  Mr.  Swan,  as  the  resolution  states,  has 
been  in  office  for  a  much  longer  time  than  any  of  our 
previous  presidents,  and  during  the  period  he  has  occupied 
the  chair  his  work  has  been  of  exceptional  importance  in 
consequence  of  the  formulating  and  parsing  of  the  new 
rules,  which  eventually  will  tend  greatly  to  the  advantage  of 
the  Institution. 

I  am  sure  every  member  of  Council  will  support  me  in 
acknowledging  the  tact  and  suavity  with  which  Mr.  Swan 
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has  performed  the  duties  of  President.  His  name  is 
"  familiar  in  our  mouths  as  household  words/'  and  eveiy 
member  must  feel  proud  that  we  shall  enrol  on  our  list  of 
Past-Presidents  the  name  of  one  who  has  done  so  much 
for  Electrical  Engineering. 

I  think  I  may  safely  say  that  no  one  more  appreciates 
the  honour  of  being  President  of  this  Institution  than  Mr. 
Swan  himself,  but  I  think  you  will  agree  with  me  that  if  the 
Institution  has  done  honour  to  him,  Mr.  Swan  has  done 
honour  to  the  Institution. 

Mr.  Alexander  Siemens  :  Your  applause  really  makes 
it  quite  superfluous  that  this  motion  should  be  seconded, 
but  although  Sir  Henry  Mance  has  very  aptly  spoken  of 
the  recent  achievements  of  Mr.  Swan,  we  should  not  forget 
his  original  achievement  which  he  accomplished  for  himself 
without  any  help,  viz.,  the  solution  of  the  distribution  of 
electricity  at  a  time  when,  if  I  may  say  so,  the  regular 
electricians  were  all  on  by-paths.  I  take  the  liberty  of 
saying  that  because  I  was  among  the  number,  at  least  I 
followed  in  the  footsteps,  of  some  who  looked  for  the 
distribution  of  electricity  in  the  wrong  direction.  That 
original  merit  of  Mr.  Swan,  that  he  worked  out  such  a 
difficult  problem  entirely  by  himself  and  through  his  own 
studies  ought  not  to  be  forgotten.  Now  that  he  has  added 
the  merit  of  having  conducted  our  Institution  for  seventeen 
months,  double  thanks  are  due  to  him,  and  I  have  great 
pleasure  in  seconding  the  motion. 

The  vote  was  carried  by  acclamation. 

Mr.  J.  W.  Swan  :  I  should  be  made  of  very  insensible 
material  if  I  did  not  feel  intensely  the  kindness  expressed 
in  your  vote.  I  wish  to  thank  separately  Sir  Henry  Mance 
for  the  very  kind  things  he  said  of  me,  and  also  my  friend 
Mr.  Alexander  Siemens.  Sir  Henry  Mance  very  rightly 
said  that  I  must  have  felt  it  an  honour  to  be  President  of 
this  great  Institution.  I  have  felt  it  to  be  a  great  honour, 
and  it  has  been  a  source  of  satisfaction  and  pleasure  to  me 
that  during  my  tenure  of  office  the  affairs  of  the  Institution 
have  gone  very  well.  The  revenue  has  increased,  and  the 
membership  has  increased,  but  I  entirely  disclaim  any 
credit  in  bringing  that  state  of  things  about.  It  was  due 
in  part  to  external  circumstances,  but  very  largely  to  the 
most  laborious  and  efficient  support  I  received  from  an 
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able  and  loyal  Council,  and  last  but  not  least  from  an 
admirable  Secretary.  I  wish  success  to  the  Institution,  and 
for  Dr.  Thompson  I  wish  as  much  pleasure  in  his  year  of 
office  as  I  have  had  in  mine. 

The  President  then  proceeded  amid  hearty  applause  to 
read  his  inaugural  address. 

INAUGURAL  ADDRESS 

By  Professor  Silvanus  P.  Thompson,  D.Sc,  F.R.S., 

President. 

The  Institution  of  Electrical  Engineers  represents  not 
only  a  great  and  growing  industry,  but  also  an  important 
scientific  profession.  Any  man,  therefore,  who  finds  him- 
self placed  by  the  will  of  his  fellow-members  in  the  position 
of  president  of  such  an.  Institution  may  well  ask  himself  on 
entering  upon  his  term  of  office  as  head  of  the  profession, 
what  are  the  interests  of  the  Institution,  what  the  most 
pressing  needs  for  its  development,  and  how  he  can  best 
serve  those  interests  or  aid  in  that  development. 

In  these  days  the  advancement  of  science  depends  largely 
upon  the  mutual  co-operation  of  scientific  workers  and  of 
the  societies  founded  for  the  diffusion  and  co-ordination  of 
knowledge.  The  progress  of  electrical  engineering,  both  in 
its  industrial  and  its  professional  aspects,  depends  likewise 
in  no  small  degree  upon  the  combination  of  electrical 
engineers  of  all  classes  in  active  union.  Rightly  conducted, 
the  influence  of  such  an  Institution  as  ours,  both  within  and 
without  its  borders,  is  very  great.  If  we  speak  in  the  name 
of  the  united  profession,  with  the  weight  of  the  whole 
industry  to  emphasise  our  views,  we  command  the  respect 
not  only  of  all  other  professional  bodies,  not  only  of  other 
industries  akin  to  ours,  but  of  public  bodies,  central  as 
well  as  local.  We  can  influence  even  the  administrative 
departments  of  the  Government  itself  when  considering 
any  regulation  or  proposed  legislation  touching  electrical 
questions. 

Further,  our  discussions  in  this  room  have  a  most 
direct  influence  not  only  on  the  development  of  electrical 
practice,  but  on  that  of  electrical  science.  To  find  an 
instance   I   need  hardly  go  further  than   the  presidential 
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address  of  Professor  Hughes  in  1886,  which  set  the 
electrical  world  discussing  the  effects  of  self-induction. 
The  number  of  scientific  papers  read  before  this  and 
other  bodies  during  the  succeeding  two  or  three  years 
upon  the  measurement  of  self  and  mutual  induction  is 
directly  attributable  to  the  effect  of  that  remarkable 
address.  In  the  electrical  world,  however,  there  are  many 
other  influences  at  work.  Great  as  may  be  the  influence 
of  scientific  societies,  of  the  open  discussion  of  scientific 
and  technical  problems,  there  are  others  equally  potent. 
The  prices  of  the  materials  used  in  our  industry — iron, 
steel,  copper,  gutta-percha,  indiarubber,  mica — the  cost  of 
coal,  the  cost  of  water-power,  the  cost  of  transport  by  land 
and  sea,  the  cost  of  labour,  the  technical  skill  and  training  of 
our  designers  and  manufacturers  relatively  to  those  of  our 
foreign  competitors — all  have  the  most  direct  influence  in 
determining  the  development  of  the  industry  in  one  direction 
or  another.  At  a  time  of  disquietude  in  international  politics 
many  of  these  factors  in  the  problem  may  far  outweigh  the 
direct  influence  of  our  Institution.  All  of  them  will  have 
an  influence  direct  or  indirect  on  us.  For  we  flourish 
in  proportion  as  the  electrical  industry  flourishes;  and  as 
the  empire  flourishes,  so  will  our  Institution  share  in  the 
general  weal.  Yet  amid  this  complicated  state  of  the  condi- 
tions which  determine  the  future  of  the  electrical  industry, 
our  Institution  can  render  real  and  lasting  service,  if  by 
directing  attention  to  the  things  which  make  for  progress, 
if  only  by  pointing  out  the  path  along  which  technical 
advances  are  being  made  or  are  to  be  made,  it  can  assist  the 
manufacturer,  the  designer,  the  contractor,  the  consulting 
engineer,  and  the  capitalist,  and  ultimately  the  authorities  of 
local  and  central  government.  There  is  no  question  but 
that  at  the  present  time  money  is  being  spent  in  this  country, 
in  many  directions  not  to  the  best  advantage,  on  electrical 
schemes  which  are  ill-advised,  or  antiquated,  or  too  petty ; 
that  machinery  is  being  constructed  on  wrong  lines,  to  be 
discarded  a  few  years  hence  long  before  its  natural  term  of 
life  is  reached ;  that  electrical  appliances,  because  not  made 
to  the  standards  recommended  by  experience,  are  made  in 
smaller  quantities  at  a  time  and  therefore  at  greater  expense 
than  need  be.  Our  Institution,  by  the  recommendations  of 
its  Standardising  Committee,  has  tried  to  prevent  at  least 
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some  of  this  waste ;  and  it  might  do  much  more  without 
imposing  any  harmful  restrictions  upon  the  freedom  of  a 
single  individual.  If  it  can  point  out  the  trend  of  opinion, 
the  ameliorations  resulting  from  experience  in  all  parts  of 
the  world  ;  if  it  can  help  to  diffuse  amongst  its  membership 
generally  a  knowledge  of  these  things  and  of  the  latest 
discoveries  and  inventions,  the  benefit  it  will  confer  not 
only  on  its  members,  but  on  the  industry  at  large,  will  be 
no  small  one. 

I  therefore  propose  to  direct  your  attention  to  some  of 
the  tendencies  which  manifest  themselves  at  present  in  the 
electrical  world ;  some  of  them,  doubtless,  transitory,  but 
others  indicating  changes  of  a  permanent  kind. 

In  telegraphy,  the  oldest  branch  of  our  profession,  there 
is  not  much  room  to  chronicle  change.  Nevertheless  there 
is  an  obvious  tendency  to  increased  use  of  automatic 
methods  of  sending.  Slowly  but  surely  the  use  of  the 
automatic  transmitter  is  extending  in  cable  service ;  whilst 
on  the  Continent  and  in  America  the  advantages  of  the 
Wheatstone  automatic  are  being  gradually  recognised,  as  the 
increase  of  matter  to  be  transmitted  over  existing  land  lines 
causes  a  demand  for  accelerated  methods.  It  may  be  here 
recalled  that  the  very  first  paper  read  before  this  Institution 
on  March  13,  1872,  when  it  commenced  operations  as  the 
Society  of  Telegraph  Engineers,  was  on  the  topic  of  Auto- 
matic Transmission.  The  use  of  alternating  currents  of  a 
fairly  high  frequency  is  also  receiving  attention.  Professor 
Rowland  has  invented  a  multiplex  typewriter  working 
with  alternate  currents.  The  substitution  of  delicate 
optical  receivers,  working  by  photography  for  the  pur- 
pose of  enabling  more  rapid  signals  to  be  received,  for 
the  relays  and  recorders  previously  used,  opens  out  a 
further  field.  Just  as  the  limit  at  which  the  hand  can 
send  is  surpassed  by  the  automatic  sender,  so  the  speed 
at  which  the  eye  can  read  the  visible  motion  is  surpassed 
by  that  of  the  photographic  receiver.  In  this  connection 
the  recent  suggestions  on  the  one  hand  of  Squier  and 
Crehore,  and  on  the  other  of  Pollak  and  Virag,  demand 
careful  attention.  The  experiments  of  the  latter  between 
Buda  Pesth  and  Berlin  appear  to  have  come  as  a  surprise 
to  many  Continental  electricians  not  previously  conversant 
with  the  Wheatstone  automatic  transmitter  ;  while  the  suc- 
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cess  that  they  have  obtained  in  sending  words  at  the  rate  of 
1,300  to  1,500  words  per  minute  over  a  land  line  475  miles 
long  once  more  raises  the  familiar  question  whether  a  mile 
or  two  of  subterranean  cable  inserted  in  the  Hne  would  not 
have  eflfectually  barred  the  transmission  and  reduced  it  to 
ordinziry  rates.  We  need  not  believe  all  the  nonsense 
telegraphed  by  special  correspondents  to  the  daily  press 
from  Vienna,  that  home  of  scientific  canards.  But  PoUak 
and  Virag's  results  are  of  more  substance  than  the  imaginary 
achievements  of  Jan  Szczepanik.  It  is  interesting  to  note 
that  in  their  experiments  success  was  largely  due  to  the  use 
at  each  end  of  the  line  of  an  inductive  shunt — 3,  device 
advocated  so  strongly  for  cables  by  our  late  Past  President, 
Mr.  Willoughby  Smith. 

When  we  turn  to  the  question  whether  such  rapid 
methods  of  signalling  will  prove  of  any  use  on  subterranean 
or  submarine  cables,  we  are  still  confronted  by  the  old, 
difficulty  that  no  improvements  whatever  in  apparatus  at 
the  ends  of  the  cable  will  get  rid  of  the  sluggishness  inherent 
in  the  cable  itself,  if  constructed  upon  the  traditional  patterns. 
The  suggestion  which  I  advocated  in  1893  of  accelerating 
the  speed  of  signalling  by  attacking  the  problem  in  the 
middle  instead  of  tinkering  at  the  ends  has  not  yet  borne 
fruit.  My  suggestion  to  construct  cables  with  a  series  of 
self-inductive  artificial  leaks  of  high  resistance  distributed  all 
along  its  length  to  combat  its  distributive  capacity  appears 
to  be  too  radical  to  be  acceptable  to  the  cable  authorities. 
But  it  is  self-evident  that  whatever  good  an  inductive  shunt 
(or  artificial  "  leak  ")  at  the  end  of  a  cable  will  do  in  getting 
rid  of  the  static  charges,  an  inductive  shunt  (or  artificial 
inductive  "  leak  ")  at  the  middle  will  do  just  twice  as  much. 
Why,  then,  should  the  suggestion  to  utilise  this  known 
property  at  one  or  more  points  along  the  length  of  the  cable 
not  be  put  to  an  experimental  trial  ? 

Of  the  tendencies  in  the  telephonic  world  I  forbear  to 
speak.  Great  Britain  has  little  reason  to  be  proud  of  her 
record — past  and  present — in  that  line.  She  allowed  the 
microphone,  freely  given  to  the  world  by  its  too  generous 
inventor,  to  be  exploited  as  a  monopoly  by  others. 

The  competition  of  electricity  with  gas  as  a  means  of 
illumination  has  been  rendered  very  severe  by  the  improve- 
ments introduced  during  recent  years  in  incandescent  gas 
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lighting.  The  discovery  of  the  properties  of  the  rare  earths 
in  giving  an  augmented  illumination — the  result  of  a  purely 
scientific  research — was  the  foundation  of  the  invention  of 
the  Welsbach  mantle.  It  is  singular  that  the  very  same 
properties  were  not  turned  to  account  in  electric  illumi- 
nation before  the  invention  by  Nernst  of  the  lamp  which 
bears  his  name ;  a  lamp  for  the  commercial  introduction 
of  which  electrical  engineers  are  still  waiting  expectantly. 
Meantime  a  far  more  important  factor  in  the  economic 
struggle  remains  in  a  possible  reduction  of  the  high 
prime  cost  of  electric  wiring  of  buildings.  Could  electric 
house  wiring  be  carried  out  as  simply  and  as  cheaply  as  the 
putting  in  of  gas-pipes  an  enormous  advance  might  be 
confidently  expected.  But  so  long  as  our  station  engineers 
and  our  fire-insurance  inspectors  insist  on  having  both  wires 
fully  insulated,  and  do  not  allow  an  uninsulated  or  a  semi- 
insulated  return  conductor,  so  long  will  this  advance  be 
delayed.  With  the  introduction  of  armoured  conduits  for 
interior  wiring,  surely  the  prejudice  which  requires  a  double 
insulation  will  disappear. 

In  the  public  distribution  of  electric  energy  for  lighting 
and  power  the  necessities  of  economic  working  are  effect- 
ing a  slow  but  sure  revolution.  The  methods  that  were  in 
vogue  at  the  date  when  the  Electric  Lighting  Act  of  1888 
made  electric  distribution  in  this  country  commercially 
possible  are  being  superseded.  Larger  generating  units 
are  being  used  in  our  stations.  Larger  areas  of  supply 
and  fewer  generating  centres  in  an  area  are  a  necessity 
of  the  time.  From  the  row  of  little  bipolar  dynamos, 
each  with  its  own  small  high-speed  engine — a  sight  so 
familiar  in  the  older  lighting-stations  of  this  country — 
we  are  gradually  passing  to  the  use  of  large  multipolar 
machines  coupled  to  larger  and  more  economical  steam- 
engines.  Ten  years  ago,  a  distribution  at  six  miles  from  the 
generating  station  was  looked  upon  askance  by  many 
electrical  engineers.  To-day  it  is  recognised  that  the  secret 
of  economical  work  is  to  generate  on  the  large  scale — "  in 
bulk  "  as  the  phrase  goes — and  to  distribute  over  large  areas 
at  an  appropriately  high  voltage.  Whether  the  prime  source 
of  power  be  hydraulic  or  thermal,  the  problems  of  economic 
distribution  are  essentially  identical.  Two  of  the  most 
recent    examples — both     of     water-power    stations — must 
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suffice.  At  the  Kanderwerke  at  Spiez  a  pressure  of  4,000 
volts  suffices  for  the  distribution  of  current  for  Hghting  and 
power  within  a  radius  of  six  miles ;  but  for  the  thirty-mile 
distribution  from  the  same  station  to  supply  the  city  of 
Berne  and  the  Burgdorf-Thun  railway  a  16,000  volt  pressure 
is  adopted.  The  city  of  Milan,  which  is  lit  by  power  from 
the  hydraulic  station  at  Paderno,  twenty-four  miles  distant, 
receives  its  currents  at  13,500  volts.  When  electric  energy 
is  thus  generated  and  distributed  on  the  larger  scale  the 
time-honoured  methods  suitable  for  parochial  areas  must 
give  way  to  newer  ones  of  greater  economy.  Continuous 
current  generators  and  motors  are  unsuitable  for  operation 
in  such  wise  at  economic  voltages.  The  great  superiority  of 
alternating  currents  asserts  itself  here  uncontested.  And 
with  the  greater  economy  of  copper  that  is  afforded — in  the 
transmission  at  a  given  superior  limit  of  voltage — by  the  use 
of  three-phase  currents,  commercial  considerations  of  the 
most  elementary  order  decree  that  the  fittest  shall  survive. 
It  was,  doubtless,  in  its  time  a  great  advance  when  the  late  Dr. 
Hopkinson  in  this  country,  and  independently  Mr.  Edison 
in  America,  introduced  the  "  three-wire "  system,  in  which 
by  the  employment  of  a  central  or  neutral  wire  three  copper 
conductors  were  made  to  suffice  where  four  conductors  had 
previously  been  needed.  The  obvious  economy  of  using 
one  neutral  wire  instead  of  two  separate  return  conductors 
vi'as  sufficient  to  secure  its  rapid  adoption.  But  with  the 
introduction  of  the  three-phase  distribution  we  may  now 
have  three  wires  doing  the  work  of  six,  each  wire,  when 
the  circuits  are  equally  loaded,  serving  as  a  return  for 
the  currents  of  the  other  two.  In  cases  where,  as  in  three- 
phase  lighting,  the  three  lines  are  not  equally  loaded,  we 
may,  by  adopting  a  Y-grouping  with  a  neutral  wire  leading 
back  to  the  common  junction  have  one  neutral  wire  serving 
in  the  place  of  ihrec  separate  return  conductors ;  thus 
carrying  forward  Dr.  Hopkinson's  idea  to  its  logical 
extension.  Experience  in  Heilbronn,  in  Strassburg,  in 
Lyon,  and  a  score  of  other  places  proves  that  the  fear 
formerly  expressed  as  to  difficulties  in  balancing  the  circuits 
is  unfounded.  In  the  light  of  such  experience  it  is  not 
premature  to  say  that  the  use  of  the  three-wire  system  with 
continuous  currents  is  obsolete.  Obsolete  it  is  not,  how- 
ever, in  the  sense  of  being  disused.     Obsolete  it  is,  in  the 
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sense  that  a  better  and  more  economical  method  is  known 
and  is  already  largely  in  use.  Of  all  the  new  lighting 
stations  now  under  construction  in  middle  Europe,  quite 
two-thirds  are  designed  for  three-phase  work.  Even  in 
Berlin,  where  the  admirably  engineered  group  of  lighting 
stations  on  the  continuous-current  plan  has  been  eminently 
successful,  financially  and  technically,  all  extensions  are 
being  made  on  the  three-phase  plan  ;  and  in  a  few  years 
the  whole  will  probably  have  been  converted  to  alternating 
currents. 

While  the  continuous  current  is,  of  course,  the  only 
species  admissible  for  electrolytic  work  with  all  its  rapidly 
growing  applications  in  the  chemical  industries,  the 
superiority  of  alternating  currents  for  motive  power  and  for 
all  long-distance  work  is  every  day  becoming  apparent. 
Only  a  very  short  time  ago  it  was  the  fashion  to  decry 
alternating  currents  on  the  alleged  ground  that  alternating 
current  motors  were  not  self-starting.  That  reflection  might 
have  had  some  weight  ten  years  ago.  But  the  simple 
truth  is  that  continuous  currents  will  not  work  motors 
at  all  except  toys  of  the  old  Barlow  wheel  type.  Let 
him  who  doubts  this  statement  ask  himself  what  is  the 
purpose  of  that  costly  organ,  the  commutator,  which  is  an 
integral  part  of  every  so-called  continuous-current  motor. 
The  sole  function  of  a  commutator  is  to  commute  a  con- 
tinuous current  into  an  alternating  one,  or  vicc-versd.  If  a 
continuous  current  will  drive  a  motor,  why  go  to  the  expense 
of  putting  into  any  motor  a  commutator  to  commute  that 
current  into  an  alternating  one  inside  the  machine  ?  More- 
over, the  unnecessary  commutator — for  it  is  unnecessary  if 
the  currents  are  supplied  to  begin  with  as  alternating 
currents — introduces  the  risks  attendant  upon  the  use  of 
"  brushes  " — risks  which  have  led  the  insurance  companies 
to  prescribe  that  all  motors  with  commutators  should  be  put 
in  fire-proof  enclosures.  Let  it  be  once  realised  that  the 
commutator  is  an  unnecessary  excrescence  due  to  the 
supply  of  a  particular  kind  of  current  which  won't  work  a 
motor  until  commuted,  and  that,  with  the  supply  of  the 
proper  kind  of  current,  no  commutator  is  needed,  and  before 
long  we  shall  see  these  restrictions  withdrawn.  A  common 
grindstone  is  a  thousand  times  more  likely  than  a  well- 
constructed  modern  commutatorless  motor  to  cause  an  out- 
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break  of  fire.  Yet  no  one  prescribes  lire-proof  enclosures 
around  grindstones  in  any  ordinary  factory. 

Another  tendency  of  the  times  is  the  simplification  of 
the  switchboard,  its  construction  of  fire-proof  materials 
throughout,  and  with  more  room  both  before  and  behind 
for  the  good  arrangement  of  gear  and  connections,  and  the 
avoidance  of  an  unnecessary  multiplication  of  fuses.  The 
avoidance  of  step-up  transformers  by  direct  generation  at 
high  voltage  is  in  itself  an  obvious  step  toward  simplifi- 
cation. 

In  the  working  of  alternate-current  generating  stations, 
where  parallel  running  of  a  number  of  generators  is  a 
necessity,  the  station  engineer  has  always  had  before  him 
the  fear  of  a  serious  breakdown  should  anything  happen  to 
one  of  the  generators.  If  the  field  magnet  of  any  one 
generator  loses  its  magnetism  through  any  failure  of  the 
exciting  current,  then  all  the  other  generators  instantly  pour 
an  immense  current  through  its  armature,  with  dire  disaster 
not  only  to  it  but  to  the  station  as  a  whole.  All  manner  of 
devices  have  been  designed  to  combat  this  dread  eventuality. 
Fuses  and  safety-devices  of  every  description,  including 
automatic  disconnecting  gear  warranted  only  to  operate  for 
currents  in  opposition  of  phase,  are  found  not  always  to  do 
their  duty.  Much  discussion  has  arisen  as  to  whether  the 
excitation  of  alternators  in  parallel  ought  to  be  an  excitation 
in  parallel,  or  whether  each  alternator  ought  to  be  provided 
with  a  separate  exciter  on  its  own  shaft.  Even  excitation  in 
duplicate  from  two  independent  sources  has  been  tried.  It 
is  satisfactory  to  note  that  a  means  has  been  discovered 
which  will  entirely  remove  this  source  of  anxiety,  and  render 
such  accidents  impossible  in  the  future.  Let  me  here 
narrate  a  test  described  in  a  recent  number  of  the  Bulletin 
de  la  Societe  Internationale  des  tlectriciens  (December,  1898, 
p.  498)  upon  two  alternators  of  250  kilowatts  each,  direct- 
driven  at  67  revolutions  per  minute  by  two  horizontal  com- 
pound engines,  the  alternators  being  constructed  by  the 
well-known  house  of  Farcot.  Both  alternators  were 
separately  excited,  and  were  synchronised  together  and  put 
in  parallel  in  the  usual  manner.  While  thus  running,  the 
excitation  was  suddenly  cut  off  from  the  field-magnets  of 
one  alternator,  and  then  the  steam  was  cut  off  from  the 
engine  of  the   other  alternator,   which   remained   excited. 
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Both  machines  continued  to  turn,  the  unexcited  alternator 
continuing  the  supply,  furnishing  current  for  the  lighting 
circuit  and  also  supplying  enough  current  to  continue 
to  drive  at  nearly  normal  speed  the  other  machine  and  its 
engine.  This  extraordinary  test,  repeated  many  times,  took 
place  in  the  electric  lighting  station  of  St.  Ouen.  The  ex- 
planation lies  in  the  construction  of  the  alternators.  Their 
revolving  field-magnets  are  furnished,  on  the  plan  suggested 
by  Monsieur  M.  Leblanc,  with  the  device  termed  by  him  an 
amortisscur^  which  is  nothing  else  than  a  simple  and  sub- 
stantial squirrel  cage  of  copper  embedded  in  the  pole-pieces 
of  the  field-magnets,  each  pole  being  perforated  with  six 
slots  to  receive  six  stout  copper  rods,  the  whole  of  which 
are  short-circuited  together  by  two  external  rings  of  copper. 
We  are  all  familiar  wdth  the  device  of  the  embedded 
squirrel-cage  construction  introduced  by  Dobrowolsky  and 
Brown  nearly  ten  years  ago  into  the  so-called  rotors  of  poly- 
phase motors.  In  these  motors  the  squirrel-cage  structure 
revolves  at  a  slightly  lower  speed  than  that  of  the  revolving 
magnetic  field  ;  and  it  has  long  been  known  that  if  the  same 
structure  is  mechanically  caused  to  revolve  at  a  speed  slightly 
above  synchronism,  the  machine  becomes  a  generator,  taking 
power  to  drive  it.  In  brief,  the  induced  eddy-currents  in  the 
copper  structure,  when  revolved  above  or  below  synchronism, 
magnetise  it  and  make  it  act  as  a  field-magnet.  Leblanc, 
adapting  this  device  to  the  actual  field-magnets  of  alternators, 
has  not  only  simplified  the  operation  of  synchronising,  but 
has  given  to  the  alternator  the  new  and  remarkable  property 
that,  on  the  failure  of  the  excitation  from  the  ordinary 
source,  the  automatic  action  of  the  eddy-currents  comes 
into  play,  and  thereby  entirely  prevents  the  disastrous 
reactions  which  have  been  so  much  dreaded  by  station 
engineers.  I  regard  this  invention  as  one  of  the  most 
important  of  recent  years.  It  has  been  applied  also  to  the 
600  kilowatt  alternators  in  the  sector  of  the  Champs  Elystes 
in  Paris. 

Passing  from  the  generation  of  current  to  its  utilisation 
for  electric  traction,  the  most  notable  evolution  now  in 
progress  is  that  of  the  application  of  electric  power  to  heavy 
railways.  The  application  to  street  railroads  —  in  other 
words  to  mere  tramways — has  been  an  accomplished  fact 
for  ten  years  on  the  other  side  of  the  Atlantic,  where  there 
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are  now  thousands  of  miles  of  electric  tramways,  mostly 
operated  from  overhead  lines  from  which  the  current  is 
taken  by  a  contact  trolley-wheel.  If  in  this  country  the 
development  of  electric  tramways  has  been  slower,  w^e  have 
at  least  the  advantage  that  our  cities  are  not  disfigured  by 
networks  of  overhead  trolley  lines.  No  such  objections 
hold  good  for  rural  districts,  and  slowly  but  surely  both  the 
industrial  and  agricultural  districts  of  England  are  being 
furnished  with  electric  intercommunication  with  its  many 
attendant  advantages.  It  may  come  as  a  surprise  to  many 
who  think  England  behindhand  in  this  respect,  when  they 
learn  that  while  the  total  subscribed  capital  invested  in  this 
country  in  1899  for  public  electric  supply  is  about 
^17,800,000,  no  less  than  ^^20,800,000  is  already  invested  in 
electric  traction.  Of  the  effect  of  the  introduction  of  electric 
traction  as  a  social  and  economic  factor  I  have  spoken 
elsewhere.  There  can  be  no  question  of  the  immense  social 
benefit,  particularly  to  the  artisan  population,  afforded  by 
this  means.  But  the  electrical  engineer  is  now  engaged 
on  the  still  greater  problem  of  operating  heavy  railways, 
and  the  development  in  this  branch  is  being  watched  with 
keen  interest.  The  two  deep-level  railways  in  London,  the 
City  and  South  London  Railway  and  the  Waterloo  and  City 
Railway,.both  of  which  have  amply  justified  their  promoters, 
are  shortly  to  be  supplemented  by  the  Central  Electric 
Railway,  an  undertaking  of  much  greater  magnitude,  while 
several  other  similar  schemes  are  either  under  construction 
or  authorised.  In  the  City  and  South  London  Railway  the 
rolling  stock  is  designed  for  separate  electric  locomotives 
each  drawing  three  passenger  cars.  The  gauge  is  4ft.  8Jins. 
On  the  Waterloo  and  City  line  the  trains  consist  each  of 
four  cars,  of  which  the  two  end  ones  are  fitted  with  motors, 
four  motors  on  each  terminal  car,  so  that  the  train  can  be 
driven  by  either  set  of  four  motors.  Each  train  can  carry 
204  passengers.  The  gauge  is  4ft.  8Jins.,  but  owing  to  the 
size  of  the  tunnel  ordinary  railway  rolling  stock  could 
not  be  used.  In  the  Central  London  line  the  gauge  is  also 
4ft.  8Jins.  The  locomotives,  each  with  four  gearless  motors, 
weigh  35  tons  each.  Each  will  draw  a  train  of  seven  cars, 
with  a  seating  capacity  of  336  persons  per  train.  The  total 
length,  including  sidings  and  cross-over  lines,  exceeds  eight 
miles  of  double  track. 
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In  all  three  of  these  railways  the  current  is  taken  from  a 
third  rail  on  the  surface,  and  the  return  circuit  is  through 
the  ordinary  rails,  which  for  this  purpose  are  bonded  with 
copper  bonds.  All  these  lines  are  operated  by  continuous 
currents  at  400  to  500  volts.  In  the  case  of  the  Central 
London  line,  part  of  the  feeding  is  effected  through  rotatory 
converters  which  receive  three-phase  currents  from  step- 
down  transformers. 

In  sharp  contrast  to  these  three  London  undertakings 
is  the  Burgdorf-Thun  railway  in  Switzerland,  which  was 
opened  in  July  last.  It  is  in  every  sense  of  the  word  a 
full-gauge  railway.  Not  only  is  its  rolling  stock  full  gauge 
(the  full  gauge  of  Switzerland  is  4  ft.  8  J  in.),  but  the 
railway  admits  of  use  by  ordinary  steam  locomotives,  drawing 
ordinary  trains.  The  electric  rolling  stock  is  of  two  kinds — 
automobile  cars  carrying  66  passengers  each,  for  use  singly 
or  in  pairs,  and  locomotives  of  300  H.P.  each,  for  drawing 
trains  of  ordinary  carriages  or  goods  wagons.  This  railway 
is  worked  by  alternating  currents  supplied  in  three  phases, 
at  750  volts,  the  feeding  being  effected  through  stationary 
transformers  at  16,000  volts.  The  currents  are  taken  from 
two  overhead  conducting  wires,  the  rails  serving  as  the 
third  conductor.  The  length  of  line  thus  electrically 
equipped  is  40  kilometres,  or  26  miles.  The  arrangements 
were  designed,  and  the  electrical  equipment  constructed, 
by  Messrs.  Brown,  Boveri  &  Co.,  of  Baden,  who  were 
the  first  to  apply  three-phase  currents  to  traction.  In  the 
Lugano  tramways  as  a  commencement,  then  in  the  steep 
mountain  light  railways  of  Engelberg,  of  the  Gornergrat, 
and  lastly  of  the  Jungfrau,  they  gained  experience  in  this 
method,  which  now  stands  triumphantly  demonstrated  in 
its  adaptability  to  the  service  of  heavy  lines.  In  the 
United  States  heavy  railways  have  been  to  a  very  limited 
extent  operated  by  electric  locomotives.  Some  built  for 
the  Baltimore  and  Ohio  Railroad,  weighing  about  90  tons, 
are  employed  to  draw  ordinary  trains  over  a  short  line 
around  part  of  the  city  of  Baltimore.  They  work  with 
continuous'currents  from  overhead  trolley  lines. 

There  can  be  little  doubt,  however,  that  to  Switzerland 
rather  than  to  America  we  must  look  when  desiring  guidance 
as  to  the  future  development  of  this  problem.  All  necessary 
data  now  exist  for  the  exact  working  out  of  the  necessary 
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equipment  of  any  given  line,  actual  or  projected. 
No  experiments  are  needed  to  enable  the  constructor 
to  proceed,  so  soon  as  it  shall  have  been  determined 
which  kind  of  current  is  to  be  used.  Already  it  has 
been  found  in  the  designing  of  the  Central  London  line 
that  continuous  current  methods,  however  suitable  for 
light  and  short  railways,  and  for  tramways  where  frequent 
stoppages  occur,  fail  when  the  current  has  to  be  supplied 
from  a  distance  of  several  miles,  alternating  currents  being 
brought  in  because  of  their  greater  economy  in  trans- 
mission. The  extraordinary  thing  is  that  this  having  been 
so  far  grasped,  the  whole  of  the  rest  of  the  equipment  was 
not  designed  to  match  with  three-phase  motors,  instead  of 
introducing  the  complication  of  rotatory  converters  to  work 
continuous-current  motors.  Time  alone  can  show  how 
the  mixed  system  adopted  will  work  in  practice.  To  me 
the  choice  of  the  mixed  system  appears  of  doubtful  wisdom. 
Perhaps  the  distinguished  engineers  who  are  understood  to 
be  spending  ;^3o,ooo  on  experiments  for  the  Metropolitan 
Railway  to  enable  them  to  recommend  the  best  system 
for  our  inner  circle  underground  line  will  shortly  be  able 
to  report  whether  a  simple  three-phase  system  throughout 
is,  or  is  not,  more  economical  than  either  a  continuous 
current  system  throughout  or  than  a  mixed  system  with 
converters.  If  they  do  not  settle  this  question,  which  is 
to-day  the  one  important  question  in  electric  railway  work 
not  yet  settled,  we  must  regard  the  expenditure  as  pure 
waste. 

Returning  to  the  question  of  electric  tramways,  the 
problem  of  the  hour  is  the  equipment  of  busy  city 
thoroughfares,  where  for  obvious  reasons  overhead  wires 
are  inadmissible.  To  all  the  three  possible  methods  that 
dispense  with  overhead  construction,  viz.,  by  accumulators 
carried  on  the  car,  by  use  of  slot  conduits  in  the  road,  and 
by  use  of  surface  contacts,  objections  are  not  wanting. 
Accumulators  are  found  too  heavy  and  too  short-lived  to 
be  satisfactory.  Conduit  constructions  are  objected  to  as 
too  costly,  and  as  interfering  too  much  wath  the  roadway, 
while  to  surface-contacts  there  is  brought  the  terrible  indict- 
ment— worse  than  any  against  the  conduit — that  nobody 
has  had  experience  of  them.  You  are  aware  that  in  this 
question  of  surface-contact  systems  of  tramways  I  am  an 
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interested  party,  and  cannot  be  expected,  even  in  a  Presi- 
dential Address,  to  speak  dispassionately.  Yet  you  have 
never  expected  your  President  to  banish  from  his  inaugural 
address  the  topics  to  which  he  has  devoted  his  thoughts, 
his  energies,  his  time,  or  his  resources.  And  with  the 
examples  before  me  of  other  presidents  who  have  spoken 
of  their  own  work  I  take  the  liberty  of  speaking  of  mine. 
A  paper  dealing  with  some  aspects  of  surface-contact 
working  was  read  by  me  at  the  Bristol  meeting  of  the 
British  Association,  and  in  January  last  you  listened  here 
to  a  paper  on  some  other  points  by  Mr.  Miles  Walker,  my 
former  assistant,  and  partner  in  this  matter.  We  have, 
indeed,  worked  out  several  different  systems,  of  which  the 
earlier  only  have  yet  been  publicly  described.  We  are  at 
work  on  modified  plans,  the  result  of  our  experience  gained 
on  our  short  experimental  line  at  Willesden  ;  and  before 
long  we  expect  to  demonstrate  the  advances  we  have  in 
hand.  Meantime  we  are  not  alone  in  the  field.  Since  the 
time  when  the  late  Dr.  Hopkinson  proposed  his  original 
plan,  many  others,  including  Mr.  Wynne,  Mr.  Holroyd 
Smith,  Mr.  Esmond,  and  Messrs.  Johnson  and  Lundell, 
have  suggested  various  new  methods.  Three  years  ago 
Dr.  Hopkinson  wrote  of  one  of  these  methods  that  he 
"would  not  hesitate  to  approve  its  adoption  in  any  town 
in  which  overhead  conductors  were  inadmissible  ; "  adding 
that  he  had  "  not  the  least  doubt  that  it  would  work 
thoroughly,  effectively,  and  safely."  A  good  deal  has 
happened  since  then,  and  much  experience  has  been 
gained.  But  there  remain  not  only  in  London,  but  in 
many  provincial  cities,  crowded  thoroughfares  where  over- 
head construction  is  absolutely  out  of  the  question,  and 
where  a  slot-conduit  would  be  almost  equally  objectionable. 
It  is  some  years  since  Mr.  J.  Love  equipped  slot-conduit 
lines  in  Washington  and  Chicago.  It  is  now  most  signifi- 
cant that  in  three  great  capitals — New  York,  Berlin,  and 
Paris — the  electric  tramways  are  being  largely  extended 
without  overhead  wires.  New  York  and  Berlin  are  putting 
down  slot-conduits ;  New  York,  most  expensively,  as  if  the 
object  were  to  put  as  much  cast  iron  as  possible  into  the 
roads ;  and  the  conduit  at  every  fifteen  feet  is  furnished 
with  pairs  of  hand-holes,  the  covers  of  which  interfere 
with   the   surface   quite   as   much   as    any   surface-contact 
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system,  to  say  nothing  of  the  interference  of  the  central 
slot  or  of  trouble  about  drainage.  In  Paris,  on  the 
other  hand,  where  a  tentative  surface-contact  system  has 
for  about  a  couple  of  years  been  tried  with  moderate 
success,  no  fewer  than  63  kilometres — about  48  miles — 
are  now  being  equipped  by  Mr.  Diatto  on  his  surface- 
contact  plan  which  has  been  in  successful  operation 
on  a  small  scale  at  Tours.  Surely,  then,  if  a  method  of 
surface  contact  can  be  shown  which  is  at  once  simple,  safe, 
and  not  too  expensive,  there  is  every  reason  to  urge  on 
engineers  and  municipal  authorities  its  adoption.  Thanks 
to  the  criticisms — some  of  them  passed  in  this  place — with 
respect  to  possible  difficulties  likely  to  arise  from  the  use  of 
underground  coils,  from  mercury  switches,  and  from  surface 
leakage  around  the  contact  studs,  improvements  have  been 
worked  out  which  largely,  if  not  wholly,  remove  the  fears 
that  have  been  expressed  on  these  grounds.  As  contrasted 
with  the  conduit,  a  surface-contact  system  has  the  advantages 
of  much  lower  prime  cost,  of  less  interference  with  the 
roadway,  and  of  not  requiring  any  drainage  arrangements. 
On  long  lines  that  run  out  into  the  country  it  can  be 
operated  with  the  same  cars  that  carry  trolley-poles  for  use 
in  the  suburban  part  of  the  track.  Those  cities  and  towns 
which,  like  London,  Birmingham,  and  Cambridge,  have 
waited  before  erecting  overhead  lines,  will  have  justified 
their  waiting  attitude  when  they  can  point  to  examples  of 
the  successful  surface-contact  roads  at  Monaco,  at  Tours, 
and  lastly  at  Paris. 

Time  forbids  me  to  dwell  further  upon  this  topic  ;  it 
precludes  me  likewise  from  entering  upon  a  number  of 
other  topics  of  great  interest,  such  as  the  development  of  the 
single-phase  motor ;  the  establishment  of  electric  time-services 
by  synchronised  dials  throughout  buildings,  blocks  of  offices 
or  whole  municipalties  ;  the  use  of  prepayment  meters  ;  the 
recent  developments  of  electrometallurgy  ;  the  revolution  in 
chemical  manufactures  by  the  use  of  electric  methods ;  the 
use  of  aluminium  wires  in  place  of  copper  wires  as  con- 
ductors ;  and  last  but  not  least,  seeing  that  Atlantic  liners 
can  now  signal  their  presence  when  fifty  miles  from 
port,  the  progress  of  telegraphy  without  communicating 
wires.  In  all  these  many  directions  there  may  be  noted 
pronounced  tendencies    toward    development    along    dis- 
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tinct  lines  of  progress,  and  some  of  these  topics  will 
doubtless  form  the  subjects  of  discussion  at  our  meetings 
during  the  session  now  beginning.  I  venture  also  to  express 
the  hope  that  the  question  of  the  distribution  of  electric 
energy  on  the  large  scale  may  be  brought  before  our 
members  for  discussion.  Nothing  can  be  more  helpful  to 
the  industry  generally,  just  at  present,  than  the  free  discussion 
of  a  topic  which  is  likely  again  to  engage  the  attention  of 
parliament,  and  which  ought  to  be  discussed  from  the 
standpoint,  not  of  restricted  parochial  or  municipal  interests, 
but  of  its  bearing  on  the  wider  interests  of  national  and 
public  economics,  and  of  the  industry  at  large. 

In  commemoration  of  the  centenary  of  the  discovery  of 
the  pile,  by  Alessandro  Volta  in  1799,  the  city  of  Como,  his 
birthplace,  has  this  year  held  high  festival.  Beyond  contest 
this  discovery  of  a  means  of  generating  chemically  a  steady 
electric  current  constitutes  the  starting-point  of  the  entire 
modern  development  of  the  science  of  electricity.  Though 
that  modern  development  turns  upon  the  subsequent  dis- 
coveries and  inventions  of  others — the  discovery  of  the 
magnetic  properties  of  the  current  by  Oersted,  the  invention 
of  the  soft-iron  electro-magnet  by  Sturgeon,  the  discovery  by 
Faraday  of  the  fundamental  principles  underlying  the 
dynamo  and  the  transformer,  together  with  many  others  of 
lesser  moment — it  still  remains  true  that  to  the  genius  of 
Volta  we  owe  the  initial  impulse.  His  memorable  letter  of 
June,  1800,  to  Sir  Joseph  Banks,  first  describing  the  pile, 
marks  the  opening  of  a  new  epoch  in  the  history  of  civilisa- 
tion. Without  that  discovery  we  now  possess,  neither 
telegraph  nor  telephone,  neither  electric  light  nor  electric 
power,  electrotyping  and  electroplating  would  exist.  Com- 
merce, diplomacy,  warfare,  and  journalism  would  have 
remained  in  a  totally  different  stage  of  development  from 
that  in  which  they  are  to-day.  In  brief,  we  should — with  the 
modifying  circumstances  of  the  steam-engine  existing  for 
power  and  the  gas-jet  for  light— be  still  living  in  the  stage 
of  civilisation  of  the  eighteenth  century. 

The  Volta  centenary  was  commemorated  at  Como  by 
the  erection  of  an  exhibition  and  the  holding  of  a  series  of 
celebrations.  Unfortunately  the  exhibition  was  destroyed  on 
July  9th  by  a  calamitous  fire,  in  which  not  only  a  fine  collec- 
tion of  modern  electrical  machinery  was  destroyed,  but  a 
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number  of  Volta's  original  manuscripts  and  a  considerable 
part  of  his  historical  apparatus  perished.  Happily  the 
original  pile  and  numerous  other  relics  were  saved,  and  are 
now  enshrined  in  the  Civic  Museum  of  Como.  Nothing 
daunted,  the  citizens  of  Como  reconstructed  their  exhibition, 
which  was  re-opened  in  forty-two  days.  Amongst  the  Como 
celebrations  were  held  two  Congresses  :  one  a  Congress  of 
Telegraphists,  in  June ;  the  other  a  Congress  of  Electricians, 
in  September.  No  invitation  to  send  delegates  to  the  former 
was  received  by  this  Institution,  and  neither  it  nor  the 
British  Post  Ofl&ce  was  officially  represented.  Four  English 
telegraphists,  none  of  them  members  of  this  Institution, 
were  reported  as  having  been  present.  This  Congress, 
having  been  convened-  by  the  Italian  Minister  of  Posts 
and  Telegraphs,  and  being  attended  by  official  delegates  of 
various  European  Administrations,  many  of  them  telegraph 
engineers  of  the  highest  distinction  in  their  various  countries, 
it  is  ejctraordinary,  to  say  the  least,  that  the  English  Post- 
master-General was  not  represented  on  the  occasion.  The 
Congress  of  Electricians  was  organised  by  the  co-operation 
of  the  Physical  Society  of  Italy,  of  which  Professor  Roiti  of 
Florence  is  President,  and  of  the  Italian  Association  of 
Electrical  Engineers,  which  has  branches  in  Milan,  Turin, 
Genoa,  Rome,  Naples,  and  Palermo,  and  of  which  Professor 
the  Hon.  Giuseppe  Colombo  is  President. 

At  this  Congress,  at  which  distinguished  electricians  from 
France,  Germany,  Holland,  Switzerland,  and  Finland  were 
present,  this  Institution  was  represented  by  Professor 
Ayrton,  Past  President,  and  by  myself.  The  Italian 
physicists  and  electrical  engineers  attended  in  great  force. 
The  proceedings  of  the  Congress  were  carried  on  with  great 
vivacity ;  and  many  matters  of  the  highest  scientific  and 
technical  importance  were  discussed  in  its  various  sessions. 
After  the  sittings  were  concluded,  two  days  were  devoted  to 
visits  to  the  large  generating  stations  at  Paderno  and  at 
Vizzola;  the  former  taking  power  from  the  river  Adda 
(which  flows  out  of  the  Lago  di  Como),  and  supplying 
electric  current  for  transmission  at  high  voltage  to  the  city 
of  Milan ;  the  latter,  not  yet  quite  completed,  taking  water 
from  the  river  Ticino,  which  chains  the  Lago  Maggiore,  and 
distributing  its  currents  to  the  industrial  towns  of  Gallarate, 
Legnano,  and  Somma  Lombardo,  within  a  radius  of  some 
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twenty-five  miles.  Alike  from  the  point  of  view  of  electrical 
and  hydraulic  engineers  these  stations  are  of  the  highest 
interest,  presenting  as  they  do  special  features  different  from 
those  of  almost  all  other  kifidred  enterprises.  Our  Italian 
brethren  may  well  be  proud  of  the  engineers  who  have 
found  the  solutions  for  these  special  problemsof  construction, 
and  carried  those  solutions  to  practical  success. 

This  year  is  also  marked  by  the  establishment,  with  a 
Government  grant,  of  the  National  Physical  Laboratory  for 
the  standardising  and  certification  of  scientific  instruments, 
and  for  physical  research  on  well-defined  lines.  Though 
thus  commenced  on  a  modest  scale,  the  circumstance  marks 
an  event  of  national  importance. 

I  cannot  forbear  to  direct  your  attention  to  another 
matter  of  public  interest,  and  one  which  exercises  an 
influence  on  all  attempts  at  developing  new  enterprises. 
It  is  only  too  notorious  that  the  whole  question  of  financial 
development  of  new  inventions  is  in  this  country  in  a  most 
unsatisfactory  state.  The  promotion  of  joint-stock  com- 
panies under  the  Limited  Liability  Acts  has  become  a  public 
scandal.  In  the  eighties  a  heavy  blow  was  given  to  the  real 
progress  of  electric  lighting  by  the  reckless  promotion  of 
bubble  companies  with  inflated  capital,  causing  the  loss  of 
millions  of  money  upon  foolish  and  worthless  schemes.  In 
the  year  1882  no  less  a  total  than  ;^23,ooo,ooo  of  nominal 
capital  was  registered  in  electrical  company  schemes  alone. 
In  the  nineties  a  similar  reckless  speculation  has  been 
witnessed  over  bicycles  and  automobiles.  Happily  electric 
traction  has  largely  escaped  this  curse  ;  and  it  will  be  an 
evil  day  for  any  of  the  newer  developments  of  electrical 
engineering  if  a  like  craze  should  overtake  them.  There  is 
something  amiss  in  our  economic  machinery  when  such 
scandals  can  recur.  Nothing  is  more  familiar  to  those  who 
have  to  deal  with  new  inventions  or  to  those  who  as  con- 
sulting engineers  have  to  advise  and  report  upon  them  than 
the  ever-recurring  difficulty  of  getting  them  financed  on  a 
sound  basis.  Suppose  that  there  is  an  invention  of  a 
thoroughly  sound  character,  properly  protected  by  patents, 
but  requiring  time  and  money  to  establish  itself  com- 
mercially. Suppose  that  there  is  required  a  capital  of  from 
;^io,ooo  to  ;^25,ooo  to  put  it  upon  a  commercial  basis.  In 
the  present  state   of    public  finance   in   this  country  the 
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inventor  finds  himself  in  this  difficulty.  He  must  either 
raise  the  necessary  capital  privately  by  personal  effort 
amongst  his  own  friends,  or  he  must  put  it  into  the  hands 
of  a  promoter  who  will  want  to  bring  it  out  with  a  capital 
of  at  least  ;^ioo,ooo.  In  other  words,  it  is  almost  impossible 
to  find  a  middle  course  between  a  purely  private  affair  and 
an  over-capitalised  swindle.  We  have,  unfortunately,  in  this 
country  no  organisation  corresponding  to  the  Industrial 
Banks  of  Germany,  to  the  enlightened  management  of 
which  the  financing  of  sound  schemes  on  a  moderate  scale 
can  be  entrusted.  Much  more  might  be  said  on  this  topic. 
It  is  one  which  affects  not  our  industry  alone  ;  but  it  affects 
ours  perhaps  more  than  any  other  industry,  because  the 
glamour  which  is  attached  in  the  public  mind  to  everything 
and  anything  electrical  is  made  use  of  by  the  unscrupulous 
financier  to  the  detriment  of  honest  promotion. 

I  have  already  alluded  to  the  sums  of  money  which  have 
been  invested  in  this  country  in  the  supply  of  electricity  for 
lighting  and  power,  and  in  electric  traction.  According  to 
Mr.  Garcke's  invaluable  Manual  of  Electrical  Undertakings^ 
from  which  I  derive  my  figures,  the  aggregate  subscribed 
capital  in  shares  and  debentures  at  the  present  date  stands 
as  follows  : — 


Telegraphs         

£ 
34,284,957 

Telephones        

7,729,626 

Electric  Supply  (Companies) 

9.265,793 

„            „          (Municipalities) 

8,531,167 

Electric  Traction          

20,808,959 

Electric  Manufacturing            

16,799,152 

Electrochemical    and    Miscellaneous 

Concerns          

•   8,558,065 

Total    •i;io5,997,7i9 

This  hundred  millions  of  subscribed  capital  is  much  less, 
it  is  true,  than  that  represented  by  the  total  capital  invested 
in  railways  or  in  many  other  domains  of  British  industry. 
But  it  is  this  electrical  industry  and  the  scientific  and  pro- 
fessional elements  associated  with  it  which  our  Institution 
represents  to-day.  Competing  as  we  have  to  do  not  only 
in  foreign  and  colonial  markets,  but  even  in  our  own  home 
markets,  with   the  manufacturers  and  engineers  of  other 
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countries,  it  behoves  us  to  do  all  we  can  to  make  our 
Institution  of  use  to  our  members  of  all  grades,  and  par- 
ticularly to  our  younger  members.  One  great  duty  which 
we  owe  to  them  is  to  furnish  them  with  the  latest  informa- 
tion as  to  the  progress  of  electrical  development,  tlie 
development  not  only  of  industrial  undertakings,  of  new 
machinery,  of  new  materials,  and  of  new  inventions,  but 
also  of  pure  science,  upon  which  all  technical  develop- 
ments are  in  truth  based.  From  the  very  first  year  of  our 
existence — 1872 — we  have  always  issued,  in  our  Journal  of 
Proceedings,  abstracts  and  extracts  of  scientific  and 
technical  papers  published  at  home  or  abroad.  Two 
years  ago  we  joined  with  our  colleagues  of  the  Physical 
Society  in  bringing  out  in  the  monthly  numbers  of  Science 
Abstracts  a  far  more  complete  digest  of  electrical  progress 
than  we  were  previously  in  a  position  to  produce.  To  carry 
on  this  publication  both  we  and  the  Physical  Society  have 
had  to  devote  considerable  sums,  and  indeed  one  of  the 
reasons  why  we  had  a  year  ago  to  raise  the  fees  paid  by  our 
students  was  avowedly  to  meet  the  financial  burden  which 
we  had  thus  assumed  for  the  purpose  of  disseminating 
knowledge.  I  venture  to  think  that  every  penny  thus 
spent  has  been  a  most  wise  outlay,  and  one  of  which  we 
are  already  beginning  to  reap  the  fruits.  Our  members 
all  over  the  country  and  in  distant  lands  are  thus  kept 
informed  month  by  month  of  the  progress  of  the  science ; 
and  they  increasingly  appreciate  their  connection  with  the 
Institution.  I  know  of  no  means  better  calculated  to  keep 
our  younger  men  abreast  of  the  times  than  by  putting 
into  the  hands  of  every  one  of  them  this  admirable  com- 
pilation. 

But  the  needs  of  our  Institution  do  not  end  with  the  effort 
to  keep  our  members  informed  of  the  progress  of  science. 
We  have  other  demands  upon  our  funds  of  a  very  pressing 
character.  The  Benevolent  Fund  established  a  few  years 
ago  upon  an  independent  basis  has,  though  small,  been 
available  for  helping  necessitous  members.  In  this  connec- 
tion every  member  of  the  Institution  will  rejoice  to  learn  of 
a  great  and  generous  offer  which  has  just  been  made  to  us. 
One  of  our  honorary  members,  Mr.  Henry  Wilde,  F.R.S., 
a  name  memorable  as  that  of  the  pioneer  in  the  sixties  of 
the  early  forms  of  dynamo  machine,  both  continuous  and 
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alternating,  and  of  their  application  to  lighting,  to  deposition 
of  copper,  and  to  the  transmission  of  power,  has  offered  to 
the  Institution,  and  the  Council  has  accepted,  a  sum  of  ;^'i,5oo 
for  the  purpose  of  constituting  a  Benevolent  Fund.  I  need 
only  mention  this  to  secure  your  cordial  acknowledgment 
of  the  great  generosity  of  Mr.  Wilde,  whom  two  years  ago 
we  elected  an  honorary  member  in  recognition  of  his  claims 
on  the  electrical  community. 

From  the  very  beginning  we  have  been  accorded  by  our 
generous  hosts,  the  Institution  of  Civil  Engineers,  the 
privilege  and  advantage  of  holding  our  meetings  in  this 
hall.  If  some  of  us  feel  that  with  the  rapid  growth  of  our 
own  body  the  time  is  coming  when  we  ought  to  be  taking 
active  steps  toward  providing  ourselves  with  a  home  of  our 
own,  it  is  not  because  we  are  not  deeply  grateful  for  that 
privilege.  Naj'',  rather  the  circumstance  that  our  growth 
compels  us  to  contemplate  this  step  is  a  perpetual  reminder 
of  the  courteous  generosity  which  has  itself  been  no  small 
factor  in  promoting  our  welfare  and  our  increase.  The 
founding  of  our  Building  Fund  six  years  ago  was  due 
largely  to  the  foresight  and  fostering  care  of  our  then 
Treasurer  and  Vice-President,  Sir  David  Salomons.  At  his 
instigation  we  have  annually  set  aside  such  sums  as  we 
could  spare  from  our  surplus  income,  and  our  nucleus  of  a 
Building  Fund  stands  this  autumn  at  ;^5,ooo  so  accumulated. 
The  Council  has  for  some  months  been  quietly  prosecuting 
inquiries  for  a  suitable  site;  and  it  has  recently  decided  to 
issue  a  circular  drawing  attention  to  the  Building  Fund,  and 
suggesting  to  members  of  all  grades  the  expediency  of 
subscribing  for  the  next  few  years  an  annual  contribution 
thereto.  If  by  this  means  we  can  treble  or  quadruple  our 
present  fund,  we  shall  be  ready  at  least  to  begin  to  build 
when  a  suitable  site  shall  have  been  found.  And  it  is  most 
earnestly  to  be  hoped  that  the  generous  example  of  Mr. 
Wilde  will  stimulate  others  of  our  wealthy  members  to 
rival  his  gift  by  valuable  donations  to  the  Building 
Fund. 

Finally,  I  would  speak  of  the  growth  of  the  Institution 
itself.  From  a  total  membership  of  no  in  1872  we  have 
increased,  as  the  accompanying  table  shows,  to  a  total  of 
3,254  at  midsummer,  1899,  and  the  statistics  show  clearly 
that  the  rate  of  increase  is  itself  increasing.    In  the  establish- 
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ment  of  the  new  class  of  Associate  Member  we  think  we 
have  secured  a  new  element  of  strength.  With  the  growth 
of  total  membership  has  come  a  new  movement  for  the 
grouping  of  our  provincial  members  in  local  branches.  The 
Council  has  appointed  a  committee  to  organise  these  ;  and 
already  preparations  are  on  foot  for  constituting  two  local 
centres  in  the  north,  and  another  in  Ireland  ;  while  our 
South  African  members  have  already  constituted  them- 
selves informally  into  a  local  branch,  holding  meetings 
in  Cape  Town,  which  will  shortly  be  officially  recognised 
under  our  new  Articles  of  Association.  AH  these  are  signs 
of  active  progress.  The  nov6l  departure  made  last  summer, 
when  the  Council  sanctioned  the  suggestion  of  an  official 
visit  to  Switzerland,  has  already  borne  fruit  in  many  ways. 
The  Swiss  tour  brought  together  many  of  those  who,  though 
active  members  of  the  profession,  cannot  often  attend  the 
ordinary  meetings  in  London.  It  not  only  enabled  us  to 
see  what  Swiss  engineers  are  doing  ;  it  brought  us  into  the 
most  pleasant  personal  touch  with  our  able  and  courteous 
Swiss  confreres,  and  it  procured  for  us  an  invitation  to  pay  a 
similar  visit  to  Germany  at  a  date  in  the  near  future.  But, 
best  of  all,  it  has,  I  think,  enabled  some  of  us  to  realise 
more  fully  than  we  did  before  the  value  of  our  connection 
with  our  own  Institution  of  Electrical  Engineers;  it  has 
taught  us  what  the  power  and  usefulness  of  our  Institution 
may  be ;  and  it  has  knit  us  together  and  inspired  us  to  do 
what  we  can  to  promote  its  prosperity  and  the  prosperity  of 
the  great  industry  which  it  represents.  In  this  spirit,  and 
with  the  note  of  progress  sounding  in  our  ears,  let  us 
carry  on  the  work  of  the  session  now  opened. 

Mr.'R.  Kaye.Gkay  :  I  have  great  pleasure  in  being  the 
medium  of  conveying  to  Dr.  Thompson  our  thanks  for 
his  extremely  lucid  paper.  Every  one  in  this  room  knows 
that  when  Dr.  Thompson  sets  himself  to  work  to  describe 
to  his  fellow-members  the  things  that  he  has  in  his  mind 
he  does  it  well,  and  I  think  that  to-night  we  have  certainly 
had  an  example  of  his  power.  It  would  be  quite  super- 
fluous for  me  to  say  any  more  about  a  man  so  well  known 
to  us  all,  and  with  these  few  words  I  move  "  That  the  best 
thanks  of  this  Institution  be  accorded  to  Dr.  Thompson  for 
his  most  interesting  and  valuable  address,  and  that,  with  his 
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permission,  the  address  be  printed  in  the  Journal  of  the 
Proceedings  of  the  Institution." 

Mr.  MORDEY :  The  honourable  task  has  been  imposed 
upon  me  of  seconding  this  resolution  of  thanks  for  this 
admirable  address.  I  do  so  with  very  great  pleasure — indeed 
with  particular  pleasure.  We  have  known  Dr.  Thompson 
in  a  great  many  capacities — as  teacher,  as  writer,  as  investi- 
gator, and  as  a  historian  of  electrical  progress.  And  now 
we  see  him  in  a  new  capacity — in  two  new  capacities,  as 
President  of  this  Institution  and  as  a  prophet.  For  to-night 
he  has  departed  from  the  usual  practice.  In  his  Presidential 
address  he  has  dealt,  not  with  the  past,  with  which  he  is 
very  competent  to  deal — as  are  all  successful  prophets — but 
with  the  future.  This  has  been  a  fighting  address.  Dr. 
Thompson  has  peered  into  the  future  ;  he  has  seen  things 
that  are  happening  in  that  future,  and  he  has  come  here 
and  told  us  what  those  things  are.  I  think  that  we  might 
do  a  great  deal  worse  than  devote  the  rest  of  this  session 
to  discussing  the  Presidential  address. 

The  vote  was  carried  by  acclamation. 

The  President  :  I  need  not  say  that  I  thank  you  very 
heartily  for  your  appreciation  of  my  attempt — not  to  predict 
the  future,  for  certainly  I  do  not  admit  that  I  am  qualified 
to  play  the  rSle  of  prophet — but  I  think  I  may  be  able  to 
discern  certain  tendencies,  a  certain  trend  in  the  progress 
of  events,  and  I  thought  it  might  be  well  to  point  out  to 
you  those  which  appeared  to  me  to  be  significant. 

While  thanking  very  kindly  Mr.  Gray  and  Mr.  Mordey 
for  the  words  of  appreciation  which  they  have  expressed,  I 
should  certainly  not  desire  that  the  whole  of  the  rest  of  this 
session  should  be  devoted  to  the  discussion  of  my  address, 
because  we  have  already  adopted  a  programme  for  our 
session.  A  considerable  number  of  papers  have  been 
offered,  to  which  the  meetings  in  the  immediate  future 
are  already  allocated. 
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The  Three  Hundred  and  Thirty-sixth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  25,  Great  George  Street,  Westminster, 
on  Thursday  evening,  November  23rd,  1899 — Professor 
SiLVANUS  P.  Thompson,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
November  i6th,  1899,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced  and  ordered  to  be  suspended. 

The  following  transfer  was  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

Archibald  Allan  Crawford. 

Messrs.  C.  W.  S.  Crawley  and  E.  W.  Lancaster  were 
appointed  scrutineers  of  the  ballot  for  new  members. 

The  President  :  The  Council  has  given  its  sanction  to 
the  holding  of  an  exhibition  of  photographs  in  the  library 
of  the  Institution,  from  the  5th  to  the  12th  of  September, 
the  week  during  which  our  dinner  is  held.  The  photographs 
for  exhibition  are  those  taken  by  members  during  the  Swiss 
tour,  and  will  afford  reminiscences  of  that  very  agreeable 
time  when  we  were  together  in  Switzerland. 

I  have  also  to  announce  that  the  Council  has  decided  to 
hold  a  meeting  of  members  of  the  Institution  in  Paris  on 
August  i6th,  1900.  You  are  all  probably  aware  that  at  the 
Paris  Exhibition  certain  conferences  or  congresses  will  be 
held.  Among  these  there  is  a  Congress  of  Electricians, 
which,  it  has  been  arranged,  will  be  in  session  from  the 
i8th  to  the  25th  of  August.  No  doubt  a  number  of  members 
of  this  Institution  will  be  desirous  of  paying  their  visit  to 
Paris  at  that  time,  in  order  that  they  may  be  present  at  one 
or  more  sittings  of  the  Congress.  We  have  arranged  our 
meeting  for  the  i6th,  just  two  days  before,  so  that  we  may 
be  able  to  hold  a  discussion  before  the  Congress  itself 
meets.  We  hardly  know  yet  what  formal  business  will  be 
brought  before  the   Congress,  but  we  hear  that  there  are 
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certain  propositions  coming  up  about  the  electrical  units, 
and  it  is  well  that  we  should  have  an  opportunity,  if  any- 
thing is  to  be  discussed  internationally  at  the  Paris  Congress, 
of  holding  our  meeting  a  little  before,  and  arriving  at  our 
own  conclusions.  It  is  also  possible  that  one  sitting  of  our 
meeting  may  be  held  in  common  with  members  of  the 
American  Institute  of  Electrical  Engineers,  a  number  of 
whom,  it  is  known,  will  be  in  Paris  at  that  time.  Indeed, 
the  President  of  the  American  Institute  of  Electrical 
Engineers,  Mr.  Kennelly,  has  written  to  us  informally, 
asking  whether  such  a  joint  meeting  of  English  and 
American  electricians  would  be  possible ;  and  our  Council 
has  replied  that  we  shall  be  most  happy  if  such  a  joint 
meeting  can  be  arranged  as  part  of  our  meeting  there. 

The  following  papers  were  then  read  : — 

THE   COST   OF   STEAM   RAISING. 

By  John  Holliday. 

In  the  earlier  days  of  the  steam-engine  it  was  customary 
to  measure  the  efficiency  of  steam  plant  by  the  amount  of 
work  done  by  a  given  weight  of  coal,  and  this  was  expressed 
by  giving  the  weight  of  coal  consumed  per  horse-power  per 
hour,  allowance  sometimes  being  made  for  the  quality  of 
the  coal  used.  At  that  time,  when  a  single  boiler  or  range 
of  boilers  supplied  steam  to  but  one,  or  at  most  a  pair  of 
engines,  and  the  boiler  was  laid  down  at  the  same  time  as, 
and  as  an  integral  portion  of,  a  new  steam-engine  plant,  and 
was,  more  often  than  not,  supplied  by  the  maker  of  the 
engine  as  part  of  his  contract,  this  method  of  estimating 
was  not  so  wholly  misleading  as  it  is  in  the  present  day, 
when  a  single  boiler  or  range  of  boilers  often  not  only 
supplies  a  large  main  engine,  but  many  auxiliary  or  inde- 
pendent ones,  and  also  serves  many  other  purposes.  The 
practice  has  therefore  arisen  of  expressing  the  efficiency  of 
an  engine  by  stating  the  quantity  of  steam  it  uses  per  horse- 
power per  hour,  thus  eliminating  entirely  all  questions  of 
the  quality  of  the  fuel,  the  efficiency  of  the  boiler  for  trans- 
mitting the  heat  of  that  fuel  to  the  water,  and  of  the  furnace 
and  stoker,  whether  human  or  mechanical,  in  evolving  from 
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the  fuel  all  the  heat  it  contains.  In  this  way  the  performance 
of  a  good  engine  is  not  marred  by  an  indifferent  duty 
obtained  from  the  boiler,  from  any  cause  whatsoever.  We 
have  therefore  on  record  the  results  of  many  engine  trials, 
given  in  figures  which  take  no  account  of  the  performances 
of  the  boiler  by  which  the  steam  they  used  was  supplied, 
and  we  have  also  many  recorded  tests  of  steam  boilers 
determined  quite  apart  from  any  question  of  power  involving 
the  employment  of  a  steam-engine.  Again,  we  have  many 
instances  given  of  the  cost  of  steam  power,  the  best  of 
which  are  summed  up  by  Professor  Unwin  in  Chapter  III.  of 
his  work  on  the  Development  and  Transmission  of  Power  ;  * 
but  in  all  these  cases,  in  order  to  arrive  at  the  cost  of  the 
steam  power,  it  has  been,  of  course,  necessary  to  include  the 
working  and  cost  of  both  engine  and  boiler  ;  and  whilst  a 
steam-engine  cannot  perform  any  useful  work  when  dis- 
sociated from  the  steam  boiler,  the  boiler  can,  and  often 
does,  perform  many  useful  functions  other  than  in  the  pro- 
duction of  power  by  means  of  a  steam-engine,  and  it  is  to 
the  cost  of  producing  steam,  quite  apart  from  the  question 
of  powder,  that  attention  is  directed  in  this  paper.  A  ton 
of  coal  may  cost,  say,  8s.  when  delivered  on  the  stokehold 
floor,  and  we  may,  in  a  general  way,  consider  steam  delivered 
from  the  boiler  into  the  steam  main  as  the  manufactured 
article  of  which  the  coal  is  the  chief  but  not  the  only  raw 
material  used  in  the  process  of  manufacture  ;  the  question 
then  becomes  what  is  the  increased  value  of  this  ton  of  coal 
when  delivered  in  the  form  of  steam  into  the  steam  mains  ? 
The  other  items  which,  with  the  cost  of  fuel,  go  to  make  up 
the  total  cost  of  steam  produced  are  working  expenses, 
maintenance  of  boiler  and  plant,  capital  charges,  rents,  rates, 
taxes,  etc.  In  almost  all  cases,  the  cost  of  the  fuel  is  by  far 
the  greatest  part  of  the  whole  cost,  and  it  can  only  be  in  the 
centre  of  the  coal-fields,  or  some  other  equally  favoured 
spot,  where  it  is  probable  that  the  cost  of  the  fuel  will  be 
anything  less  than  50  per  cent,  of  the  total  cost,  exception 
being  of  course  made  of  those  cases  in  which  waste 
materials,  by-products,  or  refuse,  which  might  otherwise 
have  to  be  removed  at  some  expense,  are  used  as  fuels  for 
steam  raising.    This  being  the   case,  the  cost  of   fuel  re- 

*  "  On  the  Development  and  Transmission  of  Power  from  Central  Stations," 
by  William  Cawthorne  Unwin,  F.R.S.  (Longmans,  Green  &  Co.)« 
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quired  to  convert  a  given  quantity  of  water  at  a  given 
temperature  into  steam  at  a  certain  pressure  gives  a  fairly 
relative  idea  of  the  cost  of  raising  steam  in  districts  where 
similar  conditions  and  prices  of  fuels  obtain.  Mr.  Bryan 
Donkin,  M.Inst.C.E.,  has  largely  used,  as  a  basis  of  com- 
parison, the  cost  of  fuel  required  to  evaporate  i,ooo  gallons, 
the  water  being  at  a  temperature  of  600  F.,  and  the  steam 
evaporated  at  60  lbs.  per  square  inch  above  atmospheric 
pressure,  or  else  the  temperature  of  the  water  is  taken  at 
2120  F.  and  evaporation  at  atmospheric  pressure,  or,  in 
other  words,  evaporation  is  from  and  at  212°  F. ;  in  any 
case  a  reduction  to  a  common  basis  is  easy  when  the 
conditions  are  known. 

The  following  formula  gives  a  ready  means  of  obtaining 
the  cost  of  fuel  to  evaporate  1,000  gallons  of  water  when 
its  price  and  the  quantity  of  water  evaporated  by  one  pound 
of  it  are  known. 

Let  C  =  cost  of  evaporating  1,000  gallons  in  shillings. 

„   P  =  price  of  fuel  per  ton  in  shillings. 

„  W  =  lbs.  of  water  evaporated  per  lb.  of  fuel. 

P       10,000 

Then  C  =  ^^v  x  -       - 

VV       2,240 

p 

=  —  X    4-464 

This  is  a  useful  figure,  especially  for  comparison  of  boilers 
working  in  the  same  district,  where  the  prices  of  various 
descriptions  of  coals  may  be  taken  to  vary  with  the  amount 
of  heat  that  they  will  evolve,  because  it  takes  into  account 
the  efficiency  of  the  boiler  and  furnace  and  also  that  of  the 
stoker,  whether  human  or  mechanical ;  but,  at  the  same  time^ 
the  limits  within  which  comparisons  may  be  made  on  this 
basis  are  narrow,  as  it  always  shows  a  very  great  advantage 
in  favour  of  the  use  of  poor  quality  and  low-price  fuels, 
which  might  be  almost  or  entirely  counterbalanced  by  the 
consequent  increased  cost  of  other  items  which  go  to  make 
up  the  entire  cost  of  steam-raising.  There  will,  however, 
be  less  likelihood  of  giving  rise  to  misapprehensions  if  it 
be  always  borne  in  mind  that  this  figure  gives,  not  the  cost 
of  evaporating  i,ooo  gallons,  but  only  the  cost  of  the  fuel 
required  to  evaporate  i,ooo  gallons  of  water. 
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Mr.  Bryan  Donkin  has  published  figures  from  some 
tests  he  carried  out  with  different  kinds  of  fuel  in  the  same 
boiler,  the  conditions  in  all  cases  being  the  same;  the 
results  are  comparable  on  the  basis  of  the  cost  of  fuel 
required  to  evaporate  i,ooo  gallons. 


Kind  of  FueL 


Cost  of  Fuel 
per  ton. 


Water  evapo- 
rated per  lb.  of 
Fuel. 


Cost  of  Fuel  per  i.ooo 
gallons  e^-aporated. 


A 

Dust  Coke 

s.    d. 
5    o 

lbs. 
6    o 

s.     d. 
3    8 

B 

Dust  Welsh  Coal... 

lO     o 

8    o 

5    3 

C 

Large  Welsh  Coal 

22      O 

9    o 

lO   II 

These  figures  go  far  to  show  the  economy  to  be  obtained 
by  using  inferior  fuels,  which,  as  a  rule,  are  far  cheaper  on 
the  basis  of  calorific  power  than  higher-class  fuels.  No 
better  example  of  this  could  be  given  than  the  comparison 
of  experiments  B  and  C  in  the  table  given  above,  where  we 
see  that  a  difference  of  120  per  cent,  in  the  price  of  the  fuel 
gives  an  increased  efficiency  of  but  12*5  per  cent,  at  an 
increase  in  cost  of  108  per  cent.  Should  it  be  possible  in 
practice  to  transfer  the  total,  or  any  fixed  and  definite  portion 
of  the  total,  heat  of  a  fuel  to  the  water  contained  in  the 
boiler  in  the  furnace  of  which  the  fuel  is  burned,  the  true 
value  of  that  fuel  for  the  purpose  of  steam-raising  would 
dei>end  directly  on  its  calorific  power,  and  it  would  be 
possible,  the  pricb  of  the  fuel  and  its  calorific  value  being 
known,  to  foretell  the  amount  of  useful  heat  that  would  be 
secured  by  the  combustion  of  one  pennyworth  of  the  fuel 
in  question. 

A  table  showing  the  number  of  thermal  units  in  one 
pennyworth  of  fuel  of  various  qualities  and  prices  was  given 
by  Mr.  R.  E.  B.  Crompton,  Past-President,  in  his  paper 
on  the  cost  of  Electrical  Energy  *  read  before  this  Institu- 
tion in  April,  1894,  which  is,  by  permission,  reproduced  in 
Table  I.  Some  figures  from  this  table  will  be  found  set  out 
in  Diagram  I.  These,  like  the  preceding  table,  show  the 
enormous  advantage  promised  by  the  use  of  low  quality 
and  low-priced  fuels,  but,  as  there  never  was  a  gain  without 

'  This  Journal,  1894,  vol.  xxiii.,  p.  404A. 
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some  loss,  we  may  briefly  inquire  what  the  possible  losses 
and  disadvantages  of  cheap  fuels  are — and  they  are  many. 

In  the  first  place,  in  order  to  get  the  same  amount  of 
heat  with  a  low  quality  fuel  as  with  a  higher  quality  under 
similar  conditions,  more  fuel  must  be  burned  in  the  same 
time ;  then,  if  the  boilers  and  furnaces  are  already  working 
up  to  their  full  power  with  high-class  fuel,  either  more 
boilers  and  furnaces  must  be  put  down,  or  the  present 
furnaces  must  be  enlarged,  entailing  an  expenditure  of 
capital  (the  interest  on  which  must  be  set  against  the  extra 
economy. obtained)  and  occupying  m6re  room  at  an  addi- 
tional cost  for  rent ;  or  else  the  fires  must  be  worked 
harder,  perhaps  by  the  use  of  forced-draught  probably 
causing  the  furnace  gases  to  leave  at  a  higher  temperature, 
and  thus  carry  to  waste  a  larger  proportion  of  the  heat  in 
the  fuel  than  formerly.  The  mere  fact  of  more  fuel  having 
to  be  fired  into  the  furnaces  every  hour  will  entail  more 
work  on  the  stoker,  for  which  extra  wages  will  have  to  be 
paid  either  to  the  same  or  to  additional  men.  The  extra 
amount  of  fuel  used  will  cause  the  fire  doors  to  be  opened, 
in  the  case  of  hand-fired  furnaces,  more  frequently  or  for 
longer  periods  both  for  firing  and  for  cleaning  fires,  whilst 
the  extra  amount  of  refuse  taken  from  the  furnaces  will 
carry  to  waste  a  correspondingly  larger  amount  of  heat, 
and,  what  is  of  more  importance,  will  often  cost  a  great  deal 
more  in  removal,  particularly  in  busy  manufacturing  centres. 
Extra  storage  and  space  for  fuel  may  have  to  be  provided, 
and  the  wear  and  tear  of  the  furnaces  increased  according 
to  the  extra  amount  of  fuel  used,  rather  than  according  to 
the  amount  of  steam  produced.  Low  quality  fuels  too,  as  a 
rule,  require  a  stronger  draught  to  burn  them  to  the  best 
advantage  than .  better  qualities ;  this  may  necessitate  an 
expenditure  for  more  chimney  power  in  the  case  of  natural 
draught,  and  larger  fans  and  engines,  of  course  using  more 
steam  to  drive  them  in  the  case  of  forced  draughts.  In 
substituting  inferior  for  better-class  fuels  we  may  expect  a 
reduction  in  the  cost  of  the  fuel,  depending  on  the  differ- 
ences in  the  ratio  of  calorific  value  to  price  of  the  two  fuels, 
and  an  increase  in  working  expenses,  etc.,  depending  on  the 
increased  amount  of  fuel  used. 

It  may  not  be  out  of  place  to  give  here  a  word  of  warn- 
ing to  those  who  are  invited  by  the  manufacturers  of  special 
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furnaces  to  enter  into  contracts  with  them,  in  virtue  of 
which  the  manufacturer  of  the  patent  furnace  shall  take,  as 
his  remuneration  for  fixing  the  furnace,  free  of  charge  or  at 
cost  price,  a  definite  proportion  of  the  ascertained  saving  in 
the  fuel  bill  from  the  time  the  new  appliance  was  put  in,  as 
compared  with  a  previous  period  ;  such  an  arrangement 
may  seem  very  fair  and  reasonable,  but  if  the  reduction  of 
the  fuel  bills  be  accomplished  by  the  use  of  inferior  fuel, 
there  must  inevitably  be  increased  incidental  expenses  the 
whole  burden  of  which  will  fall  on  the  steam-user,  and 
from  which  the  furnace  manufacturer  will  be  entirely  free. 
Still  more  to  be  deprecated  is  any  arrangement  based  on  a 
comparison  of  the  amount  and  cost  of  fuel  consumed  on 
two  trials,  one  made  before  the  introduction  of  the  special 
appliance  and  the  other  after  it ;  for,  in  addition  to  other 
disadvantages  to  the  steam-user,  it  is  reasonable  to  assume 
that  the  furnace  manufacturer  will  take  pains  to  secure 
those  conditions  under  which  his  furnace  works  best, 
whilst  a  furnace  about  to  be  discarded  is  scarcely  likely  to 
be  either  in  the  best  possible  order  or  worked  to  the  best 
advantage ;  indeed  it  is  safe  to  say  that  the  vaunted 
superiority  of  many  a  special  appliance  over  the  ordinary 
furnace,  whatever  that  may  be,  is  attiibutable  mainly,  if 
not  solely,  to  the  better  conditions  obtained  for  it  and  the 
greater  skill  with  which  it  was  worked,  and,  with  a  reversal 
of  these  conditions,  the  result  might  have  been  reversed  also. 

It  sometimes  happens  that  a  single  range  of  boilers 
has  to  supply  steam  to  a  number  of  more  or  less  different 
and  independent  plants,  each  of  which  has  to  bear  its 
share  of  the  expense  of  producing  the  steam  it  uses,  so 
that  it  becomes  necessary  to  determine  the  total  cost  of 
the  steam  produced  and  to  divide  that  sum  amongst  the 
different  plants  as  nearly  as  possible  according  to  their 
respective  consumptions.  This  has  been  the  case  with  a 
range  of  boilers  in  which  the  author  has  been  directly 
interested  for  the  last  six  years ;  failing  to  find  any  records 
of  determinations  of  the  proportion  which  the  fuel  bill  bore 
to  the  total  cost  of  the  steam  delivered  into  the  steam  main, 
he  has  collected  the  data  on  which  the  following  statements 
of  costs  have  been  made  out. 

The  plant  consists  of  nine  Lancashire  boilers  in  the 
main  boiler-house  and  four  spare  boilers  in  another  house. 
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connected  to  the  same  system  of  steam  mains,  but  the  latter 
used  only  as  spare  to  the  nine  boilers  in  the  larger  house. 
The  nine  Lancashire  boilers  are  of  various  makes  and  ages, 
none  of  them  being  modern,  and  vary  in  size  from  6  feet 
6  inches  to  7  feet  in  diameter,  and  from  28  to  30  feet  in 
length.  They  are  arranged  in  two  groups,  Nos.  i,  2,  and  3 
being  fitted  with  Ferret's  water-cased  grates  for  burning 
inferior  fuels,  and  deliver  their  products  of  combustion 
into  a  separate  main  flue  and  chimney  from  the  other  six. 
The  latter  are  fitted  with  ordinary  bars  and  are  hand  fired, 
Martin's  balanced  doors  being  used  in  the  twelve  furnaces  of 
these  six  boilers.  All  the  boilers  are  loaded  to  60  lbs.  pressure 
per  square  inch,  and  feed-water  is  delivered  to  the  Lanca- 
shire boilers  from  a  common  feed  main  through  three  steam 
heaters,  which  are  supplied  with  exhaust  steam  of  up  to  12  lbs. 
per  square  inch  above  the  atmospheric  pressure,  and  heat  the 
feed-water  to  an  average  of  220°  F.  after  it  passes  the  feed 
pump  on  its  way  to  the  boilers.  The  demand  for  steam  is 
fairly  constant  during  the  twenty-four  hours  (see  Diagram 
No.  IL),  so  that  it  is  not  necessary  to  bank  up  any  of  the 
fires  or  let  down  any  of  the  boilers  during  any  portion  of 
the  day  or  week  except  between  6  o'clock  a.m.  and  9  o'clock 
p.m.  on  Sundays,  when  two  boilers  only  are  kept  under  very 
easy  steam. 

In  working  these  boilers,  it  has  all  along  been  recognised 
that  steam  was  produced  much  more  cheaply  by  the  forced 
draught  than  by  the  natural  draught  furnaces,  consequently 
the  former  were  always  worked  up  to  their  full  power,  and, 
as  the  minimum  demand  for  steam  almost  always  exceeded, 
except  on  Sundays,  the  amount  the  forced  draught  furnaces, 
by  themselves,  were  capable  of  producing,  they  were  seldom 
even  damped  down,  and  therefore  worked  under  conditions 
extraordinarily  favourable  to  economy ;  whilst  the  natural 
draught  furnaces,  having  to  make  up  the  difference  between 
the  demand  for  steam  and  that  produced  by  the  forced 
draught  furnaces,  being  fitted  for  that  purpose  with  an  auto- 
matic damper,  were  constantly  varying  between  partial  and 
full  load,  so  that  losses  by  unconsumed  gases  and  radiation 
were  abnormally  great.  This  fact  must  be  kept  in  mind, 
and  allowed  for,  in  comparing  the  results  obtained  in  the 
two  systems,  and  it  will  be  seen  from  Fig.  3  that  the  six 
boilers  fitted  with  natural  draught  furnaces  gave  much  better 
results  when  doing  the  largest  an^ount  of  work. 
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During  seven  months  of  the  year  seven  boilers  working 
together  are  able  to  supply  the  demand  for  steam,  but  during 
the  later  summer  and  autumn  months  the  requirement  is 
much  greater  and  nine  boilers  have  to  be  worked  heavily, 
and  sometimes  even  some  of  the  spare  boilers,  which  fact 
justifies  the  existence  of  the.  four  reserve  boilers  which  might 
otherwise  constitute  an  extravagantly  large  spare  plant. 

The  fuel  generally  used  for  the  boilers  with  Perret  fur- 
naces is  breeze,  which  is  delivered  in  front  of  the  boilers  at 
the  price  of  3s.  6d.  per  ton.  This  fuel  contains  a  large  pro- 
portion of  incombustible  material  (from  22  to  25  per  cent.) ; 
the  amount  burnt  is  about  15  tons  in  24  hours,  or  1,400  lbs. 
per  hour,  or  18  lbs.  per  hour  per  square  foot  of  grate  surface, 
the  total  area  of  the  six  furnaces  being  78  square  feet ;  they 
evaporate  from  5*5  to  6  lbs.  of  water  per  lb.  of  fuel ;  taking 
this  at  5'8,  the  cost  of  fuel  to  evaporate  1,000  gallons  is,  by 
the  formula  given  above — 

^  ^  w ""  4-464 

=  -g  X  4*464 

=  2-69  shillings  =--  2S.  8Jd. 

The  quantity  of  water  evaporated  is  about  2,700  lbs.  per 
hour  per  boiler,  equivalent  to  135  h.p.  at  20  lbs.  of  steam 
per  horse-power  per  hour,  a  low  result  which  eventually  makes 
itself  felt  as  one  of  the  drawbacks  to  the  use  of  inferior  fuels. 
There  being  a  plentiful  supply  of  this  breeze,  it  has  been 
generally  used  during  the  period  of  these  observations  for 
these  three  boilers,  some  large  coke  being  occasionally  used 
with  it ;  other  fuels  were  tried  at  various  times  in  other  years, 
but  none  were  found  able  to  compete  with  it.  The  air 
pressure  used  for  the  Perret  furnaces  averaged  about  it 
inch  of  water  column  as  measured  under  the  fire  bars,  and 
was  produced  by  a  36-inch  fan  driven  by  a  belt  from  a 
special  engine,  the  steam  for  which  was  taken  from  the 
boiler,  and  its  amount  is  included  in  the  figures  given 
above,  but  due  allowance  is  made  in  the  proper  place,  both 
for  the  cost  of  the  steam  used  and  the  interest  on  the  capital 
sunk  in  the  fan  engine  and  other  special  appliances. 

For  the  other  si:?  boilers  various  fuels  have  been  used  at 
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different  times  at  prices  varying  with  the  state  of  the  fuel 
market ;  in  1895,  however,  most  of  the  work  was  done  with  a 
South  Wales  coal,  consisting  of  about  30  per  cent,  large,  the 
rest  fine,  which  was  delivered  at  the  boiler  at  14s.  6d.  per 
ton  ;  this  fuel  contained  about  10  per  cent,  of  incombustible, 
and  under  the  existing  conditions  evaporated  about  9*5  lbs. 
of  water  per  lb.  of  fuel.  Taking  the  cost  of  evaporating 
1,000  gallons  of  water  with  this  fuel,  as  was  done  above  for 
the  breeze,  we  have 

C  ^  -?  X  4-464 

=  ^ii   X   4-464 

=  6'8i  =  6s.  9jd., 

which  is  in  remarkable  contrast  to  the  2s.  8Jd.  found  to  be 
the  cost  of  the  breeze  to  do  the  same  work.  In  these  boilers 
evaporation  is  at  the  rate  of  about  3,800  lbs.  of  water  per 
hour  per  boiler,  equivalent  to  190  h.p.  at  20  lbs.  of  steam 
per  horse-power  per  hour,  or  40  per  cent,  more  power  per 
boiler  than  in  the  case  of  the  boilers  fired  with  breeze. 

We  have,  therefore,  two  ranges  of  boilers,  one  using  a 
cheap  fuel  and  producing  steam  at  a  cost  for  fuel  of  2s.  8Jd. 
per  1,000  gallons  evaporated  at  a  rate  equivalent  to  135  horse- 
power per  boiler,  and  the  other  producing  steam  at  a  cost  for 
fuel  of  6s.  9|d.  per  1,000  gallons  evaporated  at  a  rate  equiva- 
lent to  190  horse-power  per  boiler. 

We  have  now  to  consider  the  other  items  already  men- 
tioned, which  go  to  make  up  the  full  cost  of  steam  raising. 
The  most  important  of  these  is  working  expenses,  and  in  this 
labour  is  the  heaviest.  Under  normal  conditions  seven 
boilers  are  under  steam,  viz.  :  Nos.  i,  2,  and  3  fired  with 
breeze,  and  four  of  the  other  six  fired  with  Welsh  coal.  As 
the  boilers  are  worked  continuously  the  firemen  are  divided 
into  three  shifts,  of  which  the  two  day  shifts  work  three 
spells  of  three  hours  each  between  6  o'clock  a.m.  and  10 
p.m.,  and  the  night  shift  one  spell  of  eight  hours ;  thus  for 
two  hours  in  the  day  both  sets  of  the  day  men  are  in  the 
house  together,  and  in  this  time  some  of  the  necessary 
cleaning,  etc.,  is  done.  There  are  generally  three  men  per 
shift,  the  two  leading  men  taking  three  and  four  boilers  each, 
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and  the  third  man  assisting  each  of  them  as  required.  Taking 
the  amount  burned  in  24  hours  as  15  tons  of  breeze  and  18 
tons  of  the  Welsh  coal,  the  total  amount  fired  per  day  is  33 
tons  by  the  nine  men,  or  an  average  of  y6']  tons  per  man 
per  day,  not  an  excessive  quantity  when  compared  with  the 
new  Board  of  Trade  rule  for  ships  which  allows  one  stoker 
for  every  4J  tons  burned  per  day ;  but  the  low  quality  of  the 
fuel  used  on  the  Perret  furnaces  adds  greatly  to  the  labour 
of  firing  them,  each  of  the  six  having  to  be  cleaned  out  once 
in  three  hours  or  oftener.  The  firemen  are  paid  at  an 
average  rate  of  23s.  per  week,  those  working  at  night  getting 
a  shilling  extra  whilst  doing  so  ;  they  are  under  the  charge 
of  a  foreman,  who,  however,  has  other  duties  to  perform,  so 
that  a  portion  only  of  his  time  is  charged  against  the  boilers. 
A  charge  at  the  rate  of  ;^i5o  per  annum  is  also  made  for  the 
time  which  the  engineer  in  charge  devotes  to  this  portion  of 
his  work.  A  boy  is  also  employed  for  a  portion  of  the  day 
in  the  boiler-house  in  sweeping  the  tops  of  the  boilers,  etc. 
The  expense  of  weighing  the  coal,  and  any  incidentals  con- 
nected with  its  receipt  over  and  above  the  price  paid  for  it 
per  ton  delivered,  are  included  in  the  working  expenses ;  these 
being  the  same  per  ton  for  all  qualities  of  fuels  constitute  a 
heavier  expense  per  1,000  gallons  of  water  evaporated  by 
the  inferior  as  compared  with  the  better-class  fuels. 

During  fifteen  hours,  between  6  o'clock  a.m.  and  9  o'clock 
p.m.  on  Sundays,  which  constitute  the  only  light  portion  of 
the  week's  work,  two  boilers  are  kept  under  easy  steam,  the 
fires  in  the  other  being  cleaned  quite  out  in  the  morning  and 
started  again  at  night.  The  firing  during  Sunday  is  done  by 
three  men  working,  two  of  them  five  hours  and  one  six 
hours,  for  which  they  are  allowed  time  and  a-half ;  whilst  a 
second  fireman  works  two  or  three  hours  in  the  evening  as 
required  in  order  to  re-start  the  boilers  that  have  been  at  rest 
during  the  day. 

Flue-sweeping  and  boiler-cleaning  is  the  item  next  in 
importance.  The  boilers  using  the  inferior  fuel  are  very 
thoroughly  cleaned  out  at  the  end  of  each  eleven  or  twelve 
weeks'  run,  during  which  time  they  have  generally  steamed 
from  1,600  to  1,700  hours  each,  and  have  deposited  in  their 
flues  a  very  large  amount  of  dust  which,  but  for  the  forced 
draught,  would  require  to  be  removed  much  more  frequently ; 
as  it  is,  there  is  certainly  a  falling  off  in  the  amount  of  water 
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evaporated  both  per  boiler  per  hour  and  per  lb.  of  fuel  burned, 
but  not  to  such  an  extent  as  would  justify  the  shutting  down 
and  cleaning  of  these  three  boilers  five  times  a  year  instead 
of  four  as  at  present.  This  cleaning  is  performed  not  by  the 
firemen,  but  by  some  of  the  general  labourers  attached  to  the 
concern  ;  two  men  are  able  thoroughly  to  sweep  and  clean 
one  boiler  in  four  days,  and  in  addition  to  their  regular 
wages  they  are  paid  a  gratuity  of  twelve  shillings  per  boiler. 
In  addition  to  the  actual  cleaning  and  removal  of  dust  some 
expense  is  incurred  in  taking  out  fire  bars,  disconnecting  air 
pipes,  cleaning  bars,  etc.,  all  of  which  are  carefully  over- 
hauled at  each  periodic  cleaning. 

The  natural  draught  boilers,  fired  with  better-class  coal, 
run  for  about  the  same  length  of  time  between  cleanings  as 
the  forced  draught  ones,  but  as  there  are  generally  two  of 
these  idle,  each  boiler  is  cleaned  only  from  three  to  four 
times  a  year ;  two  men  can  finish  one  of  these  boilers  in  two 
days,  and  in  addition  to  their  wages  of  sJd.  per  hour  they 
earn  between  them  the  gratuity  of  twelve  shillings  for  the 
job.  Each  cleaner  is  provided  with  a  suit  of  overalls,  which 
seldom  serves  for  more  than  four  boilers  at  the  most.  The 
expenses  of  cleaning  out  one  of  the  natural  draught  boilers 
is  far  less  than  that  of  one  of  the  forced  draught  boilers  fired 
with  inferior  fuel. 

The  removal  of  refuse,  viz.,  clinkers  and  ashes  taken 
from  the  furnaces  in  the  ordinary  way  of  firing,  and  the 
dust  removed  from  the  flues  during  sooting  out,  amounts  to 
a  considerable  sum  during  the  year  ;  the  bulk  of  it  is  removed 
from  the  premises  by  a  contractor  at  a  fixed  rate  per  load, 
but  since  an  intermediate  handling  is  necessary,  the  removal 
of  an  average  week's  refuse  from  the  forced  draught  boilers 
during  work  costs  about  £2,  and  the  amount  removed  from 
the  flues  at  each  cleaning  about  iis.  6d.  per  boiler;  whilst 
that  from  the  natural  draught  boilers  is  removed  for  i6s.  6d. 
per  week  whilst  in  full  work,  and  4s.  6d.  per  boiler  cleaned. 

The  feed  heaters  using  exhaust  steam  are  common  to  both 
groups  of  boilers,  and  the  cost  of  cleaning  them  is  taken 
according  to  the  quantity  of  water  evaporated  in  each  groiip. 
The  water  used  is  taken  from  the  town  main,  through  meters, 
the  cost  being  fourpence  per  thousand  gallons  ;  and  as  it  is 
very  pure,  there  is  no  expense  incurred  in  treating  it  except 
for  the  addition  of  a  small  quantity  of  soda-ash  which  is 
necessary  to  prevent  corrosion. 
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The  cost  of  illumination  is  divided  amongst  the  boilers 
according  to  the  number  of  boiler  hours  worked  ;  gas  and 
electric  light  are  both  used — the  annual  cost  is  about  ;^5^' 
In  the  same  way  also  the  cost  of  the  steam  used  to  drive  the 
boiler  feed  pumps  is  divided  according  to  the  quantity 
pumped,  but  in  the  case  of  the  forced  draught  boiler  a 
further  charge  has  to  be  made  for  the  steam  used  by  the  fan 
engine  in  producing  the  forced  draught.  The  quantity  of 
fuel  to  be  charged  against  feeding  the  boilers  is,  however, 
very  small,  as  a  very  large  portion  of  the  heat  in  the 
exhaust  steam  is  recovered  by  passing  the  exhaust  into  the 
low  pressure  or  exhaust  main  by  which  the  feed-water  is 
heated.  Some  experiments  have  shown  that  by  utilising  the 
exhaust  steam  from  the  feed  pumps  to  heat  the  feed- 
water  an  economy  of  ij  per  cent,  in  fuel  can  be  realised. 
There  are  two  quadruple  acting  steam  feed  pumps,  each 
capable  of  delivering  one  gallon  per  revolution,  which 
also  act  as  water-meters  ;  for  this  purpose  they  are  fitted 
with  counters  which  are  read  daily,  whilst  the  pumps 
are  calibrated  periodically  against  a  tank  of  known  capa- 
city to  ensure  correctness  in  the  results ;  it  is  generally 
found  that  they  deliver  about  5  per  cent,  less  than  their  full 
charge.  A  certain  quantity  of  stores  is  of  course  used, 
such  as  shovels,  firing-tools,  barrows,  soap,  oil,  waste, 
which  in  the  course  of  a  year  amount  to  an  appreciable 
sum. 

The  maintenance  charges  are  somewhat  more  difficult  to 
set  out  precisely  for  any  given  period  than  are  the  working 
expenses,  as  these  vary  from  time  to  time,  and  a  year  is  quite 
too  short  a  period  to  ensure  every  item  being  fairly  treated  ; 
some  parts  will  come  out  too  high  or  too  low  as  repairs  of 
any  considerable  extent  happen  to  fall  within  or  without  the 
period  under  consideration.  The  figures  given  are  those 
ascertained  for  the  year  1895,  «^"d  include  somewhat  heavy 
repairs  to  the  pumps,  and  heavy  items  for  renewals  of  non- 
conducting coverings  of  tops  of  boilers  and  steam  mains ; 
but  in  order  to  avoid  errors  the  icosts  have  been  compared 
with  those  of  previous  years,  and  though  the  details  differ, 
the  totals  agree  very  closely.  The  figures  for  maintenance 
are  considerably  less  than  they  were  expected  to  be  when 
the  investigation  was  taken  up,  but  as  the  work  was  mostly 
done  by  the  Company's  own  workmen,  only  charges  for 
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labour  and  material  are  included  ;  had  the  work  been  done 
by  an  outside  firm,  the  figures  must  have  been  much  higher 
and  the  average  cost  of  maintenance  would  probably  have 
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been  5  per  cent,  of  the  total,  instead  of  less  than  3  per  cent, 
as  they  stand  in  Table  IV. 

The  fixed  charges  include  the  insurance  of  the  boilers 
against  explosions  at  £2  12s.  6d.  per  boiler  per  annum,  and 
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it  is  worthy  of  remark  what  a  very  small  proportion  the  cost 
of  this  excellent  safeguard  bears  to  the  total  cost  of  the 
steam  made. 

In  calculating  the  interest  on  the  first  cost  of  the  plant 
and  buildings,  it  was  found  impossible  to  ascertain  the 
actual  original  figures,  so  a  careful  estimate  was  prepared 
on  the  basis  of  present  prices,  on  which  the*  interest  has 
been  taken  at  5  per  cent,  per  annum. 

Depreciation  of  boilers  and  machinery  has  been  taken  at 
5  per  cent,  per  annum,  and  of  buildings,  including  chimneys, 
at  2j  per  cent. ;  ground  rent,  rates  and  taxes  having  been 
approximated  to  local  conditions  as  far  as  possible,  and 
superintendences  in  proportion  to  the  amount  of  the  steam 
made. 

The  question  of  spare  plant  is  one  of  extreme  difficulty, 
and  practice  varies  with  almost  every  different  case.  In  some 
instances,  where  an  occasional  stoppage  is  permissible,  the 
amount  of  spare  required  may  be  nil ;  again,  in  cases  where 
the  boilers  are  worked  by  day  only  a  small  spare  is  allow- 
able, because  the  interval  between  two  days'  work  admits  of 
minor  repairs  being  carried  out  or  temporary  expedients 
resorted  to.  Where  sufficient  spare  must  be  always  avail- 
able and  the  demand  for  steam  small,  then  the  spare  plant 
must  be  fully  equal  to  that  in  ordinary  use ;  in  other  cases 
where  the  amount  of  steam  made  requires  the  use  of  several 
boilers,  there  is  a  point  at  which  it  is  no  longer  necessary  to 
maintain  a  full  spare  plant.  In  the  case  under  notice  it  has 
been  found  that  a  spare  plant  of  one  boiler  to  every  three  in 
work  is  sufficient  for  all  emergencies.  This,  of  course,  is  based 
on  the  maximum  and  not  on  the  average  output  of  steam, 
consequently  the  spare  plant  has  been  comparatively  very 
little  used,  but,  as  it  exists,  it  has  had  to  be  kept  in  order, 
and  it  is  a  recognised  fact  that  a  boiler  idle  may  deteriorate  as 
fast  as  one  in  work ;  it  has  been  kept  in  complete  working 
order,  and  worked  occasionally.  Of  course  the  cost  of  steam 
produced  by  these  independent  boilers  is  much  greater  in 
almost  every  way,  than  that  made  in  the  main  boiler-house, 
as  the  statement  in  Table  V.  will  show.  The  extra 
expenses  of  making  this  steam  over  and  above  those  of 
that  made  in  each  of  the  two  groups  in  the  main  boiler- 
house  have,  in  order  to  determine  the  full  cost  of  the  steam 
made  in  each,  to  be  added  to  the  ascertained  expenses  of 
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those  groups.  It  is,  in  the  first  place,  difficult  to  decide 
what  share  of  the  expenses  of  the  spare  plant  should  be 
debited  to  each  group  of  boilers  in  the  main  house,  but, 
since  the  forced  draught  boilers  were  always  worked  when 
possible  to  their  full  fuel  capacity,  and  had  no  self-contained 
spare  as  had  the  natural  draught  boilers,  it  has  been  con- 
sidered right,  in  spite  of  their  much  smaller  output  of  steam, 
to  charge  half  of  the  extra  cost  of  the  spare  to  them,  and 
the  other  half  to  the  natural  draught  boilers. 

The  figures  charged  in  Table  V.  as  share  of  spare  against 
the  forced  and  natifral  draught  boilers  respectively  have 
been  determined  thus  :  the  quantity  of  water  evaporated 
by  the  spare  boilers  is  1,563,000  gallons,  at  a  cost  of 
15s.  5'8d.  per  1,000  gallons ;  the  difference  in  the  cost  of 
evaporating  one-half  of  this,  viz.,  781,500  gallons  at 
15s.  5"8d.,  and  the  same  quantity  at  7s.  3'3d.,  the  cost 
of  the  steam  made  in  the  forced  draught  boilers,  amounts 
to  ;^322  14s.  I  id.  or  ii'62d.  per  1,000  gallons  on  the  quan- 
tity evaporated  in  the  forced  draught  boilers.  Similarly 
the  difference  in  the  cost  of  evaporating  781,500  gallons  at 
15s.  5*8d.  and  the  same  quantity  at  provisionally  9s.  275d. 
amounts  to  £2/{g  4s.  6d.,  or  4*4d.  per  1,000  gallons  on  the 
quantity  evaporated  in  the  natural  draught  boilers.  Even 
if  this  distribution  of  the  extra  cost  of  the  steam  made  by 
the  spare  boilers  be  heavieir  than  it  should  be  on  the  forced 
draught  boilers,  the  figures  will,  all  the  same,  show  that  a  too 
large  spare  plant  may  proye  an  expensive  luxury,  quite  apart 
from  the  fact  that,  unless  kept  in  good  working  order  and 
tried  from  time  to  time,  it  may  fail  in  more  ways  than 
one  when  most  required. 

The  Author  regrets  that  circumstances  have  compelled 
him  to  confine  his  observations  to  a  type  of  boilers  not  so 
universal  as  was  the  case  a  few  years  ago,  and  which  work 
at  a  pressure  much  below  that  now  commonly  used,  but  he 
ventures  to  hope  that  the  figures  may  be  of  some  use  as  a 
basis  of  comparison,  and  may  perhaps  elicit  a  more  com- 
plete return  from  a  thoroughly  up-to-date  plant. 

In  conclusion  the  Author  would  express  his  thanks  to  the 
officials  of  the  Company  who  have  allowed  him  to  use  the 
figures,  but  who  have  expressed  the  wish  that  their  names 
should  not  be  made  public. 
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TABLE 
TABLE  SHOWING  NUMBER  OF  BRITISH  THERMAL  UNITS  IN 

Price  of  Fuel  in  Skill hiffs 


B.Th. 
Units  per 
lb.  of  fuel 

8/- 

6/- 

7/- 

8/- 

9/- 

10/- 

11/- 

12/- 

lOOOO 

373300 

3U000 

266666 

233333 

207407 

186666 

169600 

155555 

I02OO 

380800 

317200 

272000 

238000 

211600 

190400 

I 73 100 

158600 

10400 

388300 

323400 

277300 

242700 

215700 

194100 

176500 

161700 

10600 

395800 

329700 

282700 

247300 

219850 

197900 

179900 

164900 

10800 

403300 

335900 

288000 

252000 

224000 

201700 

183300 

167900 

1 1000 

410800 

342100 

293300 

256700 

228100 

205400 

186700 

171100 

II200 

418200 

348300 

298700 

261300 

232300 

209100 

190100 

174200 

1 1400 

425700 

354600 

304000 

266000 

236400 

212900 

193500 

177300 

II60O 

433200 

360800 

309300 

270700 

240600 

216600 

196800 

180400 

11800 

440600 

367000 

314700 

275300 

244600 

220300 

200200 

183500 

12000 

448100 

373200 

320000 

280000 

248800 

224000 

203600 

186600 

12200 

455600 

379400 

325300 

284700 

252900 

227800 

207000 

189700 

12400 

463000 

385700 

330700 

289300 

257100 

231500 

210400 

192800 

12600 

470500 

391900 

336000 

294000 

261200 

235200 

213800 

195900 

12800 

478000 

398100 

341300 

298700 

265400 

239000 

217200 

199000 

13000 

485400 

404300 

346700 

303300 

269500 

242700 

220600 

202100 

13200 

492900 

410600 

352000 

308000 

273700 

246400 

224000 

205300 

13400 

500400 

416800 

357300 

312700 

277800 

250200 

227400 

208400 

13600 

507800 

423000 

362700 

317300 

282000 

253900 

230800 

211500 

13800 

515300 

429200 

368000 

322000 

286100 

257600 

234200 

214600 

14000 

522800 

435400 

373300 

326700 

299300 

261400 

237600 

217700 

14200 

441700 

378700 

331300 

294400 

265100 

241000 

220800 

14400 

... 

384000 

336000 

298600 

268800 

244400 

223900 

14600 

... 

... 

340700 

302700 

272500 

247800 

227000 

14800 

306900 

276200 

251200 

230100 

15000 

... 

... 

280000 

254500 

233200 

15200 

... 

... 

257900 

236300 

15400 

... 

... 

239400 

15600 

** 

... 

... 

... 

... 

15800 

... 

.. 

... 

... 

... 

... 

16000 

... 

... 

" 

... 

... 

... 

... 

•  Reprinted,  by  permission,  from  Mr.  Crompton's  paper  on 
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ONE  PENNYWORTH  OF  FUEL  OF  VARIOUS  QUALITIES  AND  PRICES. 
per  Ton  0/2,240  /6s. 


i^'- 

1*- 

15/- 

16/- 

17/- 

18/- 

19/- 

20/- 

21/- 

22/- 

143589  133333 

... 

... 

... 

146500 

136000 

126900 

... 

... 

... 

... 

... 

... 

... 

J49300 

138600 

129400 

121300 

... 

... 

... 

... 

... 

152200 

141300 

131900 

123700 

I 16500 

... 

... 

... 

... 

155100 

144000 

134400 

126000 

I 18600 

II 2000 

... 

... 

... 

... 

157900 

146600 

136900 

128300 

120500 

114100 

108000 

... 

... 

160800 1 149300 

139400 

130700 

123000 

116200 

IIOOOO 

104500 

... 

163700 

142000 

141900 

133000 

125200 

I 18200 

I 12000 

106400 

101300 

... 

166600 

154600 

144400 

135300 

127300 

120300 

I 14000 

108300 

103 100 

98400 

16^00 

157300 

146900 

137700 

129600 

122300 

II6000 

110200 

104900 

lOOIOO 

172300 

160000 

149400 

140000 

131800 

124400 

T 18000 

112000 

106700 

IOI800 

175200  162600 

151900 

142300 

133900 

126500 

120000 

113900 

108400 

103500 

i/Sioo 

165300 

154300 

144700 

136200 

128500 

I2170O 

115800 

I 10200 

105200 

180900 

168000 

156800 

147000 

138400 

130600 

123600 

117600 

I 12000 

106900 

183800 

170600 

159300 

149300 

140500 

132700 

125700 

I 19500 

113800 

108500 

186700 

173300 

161800 

151700 

142800 

134700 

127500 

I 2 1400 

1 15600 

I 10300 

189500 

176000 

164300 

154000 

145000 

136800 

129500 

123200 

117300 

112000 

192400  •  178600 

166800 

156300 

147100 

138900 

13 1750 

125100 

119100 

I 13700 

195300 

181300 

169300 

158700 

149400 

141000 

133500 

127000 

120900 

I 15700 

198200 

184000 

171800 

161000 

151500 

143 100 

135750 

128800 

122700 

II7IOO 

201000 

186600 

174300 

163300 

153700 

145200 

137500 

130700 

124400 

II8800 

203900 

189300 

176800 

165700 

156000 

147200 

139500 

132500 

126200 

120500 

-i^^^uo  1  192000 

179200 

168000 

158100 

149300 

141500 

134400 

128000 

122200 

209600  1 194600 

181700 

170300 

160300 

151400 

143500 

136300 

129700 

123900 

212500  197300 

184200 

172700 

162500 

153400 

145500 

138100 

131500 

125600 

215400  200000 

186700 

175000 

164700 

155500 

147200 

140000 

133300 

127300 

218200 1 202600 

189200 

177300 

166900 

157600 

I49IOO 

141900 

135100 

129000 

221100  '  205300 

191700 

179700 

169100 

159600 

I5IOOO 

143700 

136900 

130700 

224000  208000 

194200 

182000 

171300 

161700 

153000 

145600 

138600 

132400 

210600 

196700 

184300 

173500 

163800 

155000 

147500 

140400 

134100 

••■ 

... 

199200 

186700 

175700 

165800 

157000 

149300 

142200 

135800 

"^^  Cost  of  Electrical  Energy  ;  see  this  Journal,  1894,  vol.  xxiii.,  p.  404A, 
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INFLUENCE    OF   CHEAP   FUELS   ON    THE    COST 
OF  ELECTRICAL  ENERGY. 

By  R.  E.  Crompton,  Past-President. 

The  problems  involved  in  this  subject  are  worthy  of  the 
careful  thought  and  consideration  of  members  of  this 
Institution. 

As  water  power  is  only  available  in  the  United  Kingdom 
to  a  very  limited  extent,  the  bulk  of  our  experience  in  gene- 
rating, transmitting  and  distributing  power  on  a  large  scale 
is  likely  to  be  based  on  power  stations,  put  down  in  the 
best  positions  where  we  can  either  raise  steam  or  work  gas 
engines  by  means  of  our  cheap  fuels. 

Mr.  Holliday  in  his  paper  deals  very  exhaustively  with 
some  of  the  problems  involved  in  burning  inferior  cokes 
or  coals  of  the  anthracitic  description.  My  present  paper 
must  be  taken  as  a  suggestive  one  of  other  important 
problems  connected  with  this  subject,  in  the  hope  that  the 
matter  will  be  carried  further  by  those  of  our  members  who 
are  working  as  engineers  in  charge  of  electrical  power 
stations,  and  who  are  therefore  likely  to  have  already  directed 
their  thoughts  in  this  direction.  Perhaps  the  first  and  most 
important  point  that  we  ought  to  consider  is  the  extent  of 
our  available  supplies  of  cheap  fuel.  I  do  not  think  that 
this  most  important  point  has  been  sufficiently  looked  into. 
I  am  told  that  in  certain  districts  where  fuel  of  very  consider- 
able calorific  value  could  at  one  time  be  had  almost  for 
nothing  at  the  pit's  mouth,  solely  because  the  difficulties  in 
burning  it  were  so  considerable  that  no  one  had  thought  it 
worth  while  to  put  down  proper  appliances,  immediately 
appliances  were  set  to  work  to  deal  with  this  fuel  on  a  large 
scale  the  price  doubled  itself.  It  is  of  considerable  import- 
ance to  take  this  into  consideration,  so  as  to  fix  on  a  price 
which  is  likely  to  hold  good  for  a  sufficient  period.  To  enable 
us  to  discuss  the  problem  I  have  put  myself  into  communi- 
cation with  several  colliery  proprietors,  and  have  ascertained 
that  in  the  Midland  district,  Nottinghamshire,  Derbyshire, 
and  Yorkshire,  there  are  supplies  of  slack  coals  available 
the  average  price  of  which  during  the  last  ten  years  has 
been  about  2s.  6d.  per  ton  at  the  pits;  this  fuel  could  in 
the  future  be  delivered  by  railway  carriage,  including  wagon 
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hire,  within  an  average  radius  of  fifty  miles  for  about  5s.  4d. 
per  ton.  At  the  present  time,  owing  to  exceptional  demand, 
the  present  price  is  one  shilling  per  ton  higher  than  this,  but 
I  am  informed  that  this  higher  price  is  not  likely  to  be 
maintained,  and  that  it  would  be  fair  to  base  my  calculations 
Qn  the  assumption  that  a  large  supply  of  this  coal  would 
be  available  at  the  above  price. 

Whilst  on  this  subject  1  must  point  out  that  railway  rates 
and  wagon  hire  are  the  same  for  inferior  as  for  the  best 
quality  of  fuels,  so  that  this  inferior  fuel  cannot  be  delivered 
to  distant  parts  of  the  United  Kingdom,  such  as  in  the 
case  of  our  own  works  at  Chelmsford,  under  14s.,  and  it 
appears  probable  that  it  will  rarely  pay  us  to  deal  with  these 
cheap  fuels  at  an  average  radius  much  in  excess  of  fifty  miles 
from  the  colliery. 

Where  a  system  of  canal  transport  is  available,  as  in  the 
Birmingham  district,  these  conditions  will  of  course  be 
modified  on  account  of  the  much  lower  rate  for  carriage 
and  barge  hire.  From  inquiries  I  have  made,  it  is  probable 
that  the  Cannock  Chase  class  of  slack  may  be  delivered 
within  an  average  radius  of  fifty  miles  from  the  colliery  at 
about  5s.  6d. 

There  are  three  distinct  classes  of  cheap  fuels  available  for 
generating  electrical  energy.  The  first  are  those  in  which 
the  calorific  value  is  chiefly  in  the  contained  carbon.  These 
include  the  anthracite  and  small  Welsh  coals,  and  the  refuse 
coke  fuels  dealt  with  by  Mr.  Holliday.  The  difficulties  in 
burning  these  fuels  are  not  great.  They  are  cheap  because 
they  are  friable,  easily  broken  up  by  carriage  into  powder, 
and  thus  there  is  always  loss  in  transit ;  such  powdered  fuel 
is  liable  to  fall  through  the  bars  or  be  carried  forward  in  the 
form  of  dust  into  the  flues  and  chimney.  All  easily  pulver- 
ised fuel  is  also  likely  to  have  additional  earthy  matter  mixed 
with  it,  as  whenever  a  heap  of  it  is  shovelled  over,  the  earthy 
bottom  gets  mixed  with  it,  and  thus  its  liability  to  form 
clinker  is  increased. 

The  second  class  of  cheap  fuel  is  the  free-burning  small 
coals  of  the  Midland  districts.  In  this  class  I  include  all  the 
small  and  earthy  coals  which  are  only  slightly  bituminous 
and  which  therefore  have  slight  tendency  to  cake. 

The  third  class  is  the  small  and  dirty  or  earthy  caking 
or  bituminous  coals  of  the  North.    These  last  are  the  most 
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dif&cult  to  deal  with,  but  as  they  possess  high  calorific 
value  the  problem  of  dealing  with  them  successfully  is 
the  most  interesting  of  all. 

The  first  group  of  fuels  have  been  burned,  with  con- 
siderable success,  by  several  forms  of  furnaces  in  addition  to 
those  described  by  Mr.  Holliday.  In  this  class  it  is  all- 
important  to  reduce  as  far  as  possible  the  loss  of  unburnt 
fuel  by  its  falling  through  the  fire  bars  or  being  carried  for- 
ward into  the  flues  in  an  unconsumed  condition.  So  far 
probably  the  best  method  of  dealing  with  the  clinker  from 
this  class  is  the  provision  of  large  water  ash  pans,  the  steam 
rising  from  which  appears  to  have  the  effect  of  preventing 
the  clinker  from  clinging  to  the  bars.  A  great  portion  of  it 
separates  as  it  forms  into  small  drops  of  melted  matter  and 
falls  through  the  bars  into  the  water  instead  of  forming  large 
cakes  which  hinder  the  air-admission. 

Up  to  the  present  the  attempts  to  deal  satisfactorily  with 
the  second  and  third  classes  of  fuels  have  been  chiefly  con- 
nected with  the  use  of  automatic  appliances  for  distributing 
the  fuel  over  the  bars,  breaking  up  and  getting  rid  of  the 
clinker,  and  providing  sufficient  admixture  of  air  at  various 
points  in  the  furnace  to  insure  satisfactory  combustion  of 
the  gases.  These  last  difficulties  are  at  their  greatest  where 
a  great  portion  of  the  calorific  value  of  the  fuel  lies  in  its 
volatilisable  products. 

I  think  that  most  of  us  who  have  had  experience  in  the 
use  of  automatic  stokers  will  agree  with  me  that  although  in 
some  cases  where  a  large  range  of  boilers  has  been  auto- 
matically fired,  economies  in  labour  have  undoubtedly 
followed,  yet  the  cost  of  clinkering  the  grates  and  afterwards 
removing  the  clinker  from  the  boiler-room  and  the  cost  of 
maintenance  of  the  grates  and  furnaces  has  been  so  con- 
siderable, and  these  difficulties  and  costs  increase  so  rapidly 
with  the  amount  of  ash  present  in  the  fuel,  that  in  most 
cases  even  with  these  automatic  stokers  it  has  been  advisable 
not  to  use  the  very  cheapest  class. 

With  the  third,  or  highly  bituminous  class,  coking  stokers 
have  been  used  with  more  or  less  success.  Most  of  these 
operate  on  the  principle  of  spreading  the  coal  on  the  front 
end  of  the  grate,  allowing  it  sufficient  time  to  form  itself 
into  coke,  and  then  by  means  of  moving  bars  to  break  up  and 
move  this  coke  forward  over  the  bars  up  to  the  point  where 
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intense  combustion  and  radiation  is  required.    This  method 
i$  correct  in  theory,  but  it  has  not  worked  out  well  in  prac- 


FiG.  2. — Front  View  of  Babcock  &  Wilcox  Revolving  Grate. 


lice.  The  moving  bars  do  not  move  the  caked  material 
fprward  with  sufficient  regularity,  so  that  openings  occur  in 
the  fire,  and  thus  excess  of  air  is  allowed  to  dilute  the  gaseous 
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heated  products  of  combustion,  and  their  temperature  is 
thereby  reduced.  Clinker  is  seldom  automatically  got  rid 
of,  and  in  most  cases  a  considerable  amount  of  hand 
labour  has  to  be  expended  on  its  loosening  and  remox'al. 

From  the  above  remarks  it  will  be  seen  that  one  great 
difficuhy  in  burning  cheap  fuels  at  a  small  cost  for  labour 
and  maintenance  is  that  of  getting  rid  of  the  clinker.  What 
we  require  is  that  the  fuel  should  be  tipped  from  the  railway 
trucks  or  barges  into  conveyers  and  thence  distributed  to  the 
furnaces  without  being  touched  by  the  firemen,  and  that 
after  passing  through  the  furnace  the  clinker  and  ashes 
should  also  be  automatically  taken  3vc2y  from  the  back  of  the 
furnaces  and  delivered  into  a  railway  truck  without  any  hand 
labour  being  necessar5\ 

There  are  two  distinct  methods  of  dealing  with  the  cheap 
fuels  which  contain  much  volatilisable  matter.  The  first  is 
that  described  very  fully  in  a  paper  read  on  the  i6th  of 
March,  1897,  ^Y  ^*^-  Humphrey  (vide  Min.  Proc.  Inst  C.E,^ 
vol.  cxxix.  p.  190)  before  the  Institution  of  Civil  Engineers 
on  the  Mond  Gas  Producer.  With  this  system  the  fuel 
is  gasified  in  separate  gas  producers  and  the  gas  then  burnt 
under  boilers  or  used  in  gas  engines.  I  do  not  propose 
to  deal  with  this  system,  although  it  may  well  be  a  most 
satisfactory  way  of  utilising  cheap  fuels,  as  it  has  been  nnost 
thoroughly  described  by  Mr.  H.  A.  Humphrey  in  his  paper. 
He  showed  that  by  this  method  90  lbs.  of  sulphate  of 
ammonia,  which  represents  about  70  per  cent,  of  the  total 
nitrogen  in  the  fuel,  may  be  recovered  from  it,  and  that  the  gas 
from  each  ton  of  coal  is  then  capable,  under  ordinary  boilers, 
of  evaporating  not  less  than  seven  tons  of  water.  The  repairs 
and  up-keep  of  the  system  appear  to  be  satisfactorily  low. 

I  propose  for  the  present  to  confine  myself  to  sug. 
gestions  as  to  the  form  of  furnace  which  may  be  attached 
direct  to  the  boilers  to  burn  these  inferior  fuels  so  as  to 
evaporate  the  water  at  the  least  cost. 

Mr.  HoUiday  has  called  our  attention  to  the  fact  that  in 
considering  such  furnaces  and  the  boilers  best  suited  to  them, 
the  use  of  cheap  fuel  has  undoubtedly  up  to  the  present 
necessitated  the  use  of  larger  furnaces  and  larger  boiler  plant, 
so  that  there  has  been  considerable  increase  in  the  capital 
cost  and  hence  in  the  maintenance  charges  which  are  a  per- 
centage of  that  cost,  and  this  of  course  increases  the  real  cost 
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per  i,ooo  gallons  of  w^ter  evaporated.  I  think,  however, 
that  in  the  case  of  externally  fired  boilers  at  any  rate, 
arrangements  may  be  suggested  by  which  the  grate-area  only 
need  be  increased,  the  size  of  the  boiler  remaining  the  same 
as  for  the  best  fuel ;  for  if  we  so  arrange  our  grate  that  those 
portions  of  it  in  which  the  preliminary  work  of  igniting  and 
caking  the  fuel  is  performed  are  at  a  comparatively  low  tem- 


Fin.  3.— Front  View  of  Babcock  &  Wilcox  Revolving  Grate. 

perature,  this  portion  of  the  grate  or  furnace  may  be  exterior 
to  the  boiler,  and  it  follows  that  the  part  of  the  furnace  in 
which  advanced  combustion  is  carried  on  would  be  no  larger 
than  would  be  the  case  if  we  were  burning  the  very  best 
Welsh  coal ;  but  it  is  only  fair  to  say  that  in  the  case  of 
bituminous  fuels  where  it  is  necessary  to  prevent  newly 
formed  volatilisable  products  from  coming  into  contact  with 
the  cold  boiler  surfaces  considerable  additional  space  will 
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have  to  be  provided  exterior  to  the  boiler  itself,  as  it  is 
evident  that  in  this  case  in  order  to  produce  perfect  com- 
bustion of  these  products  some  form  of  combustion  chamber 
which  contains  a  large  surface  of  highly  incandescent 
material  must  be  provided.  Again,  however  carefully  we 
may  provide  for  the  disposal  of  the  clinker,  portions  of  it  are 
certain  to  adhere  to  the  bars  and  lining  of  the  furnace  or 
combustion  chambers,  and  in  order  that  these  parts  may  be 
made  easily  accessible  for  cleaning,  the  whole  furnace  ought 
to  be  easily  removable  from  the  boiler — in  other  words,  it 
should  be  built  on  a  frame  mounted  on  wheels  running  on 
rails. 

Probably  the  simplest  and  most  efficient  method  that  has 
yet  been  contrived  of  continuously  firing  a  large  grate  with 
cheap  fuel  is  by  the  old  Juckes  revolving  grate  which  has 
been  in  use  for  upwards  of  thirty  years,  and  wherever  it  has 
been  properly  installed  and  well  mounted  has  given  satisfac- 
tory results.  I  remember  seeing  one  of  these  grates  in  use 
in  Messrs.  Fowler's  works  at  Leeds  in  1871 — that  is  to  say, 
twenty-eight  years  ago — and  I  am  told  that  the  performance 
has  been  so  continuously  satisfactory  that  Messrs.  Fowler 
are  still  using  this  form  of  grate. 

It  appears  probable  that  all  the  conditions  I  have  above 
noticed  could  be  satisfactorily  filled  up  by  a  revolving  grate 
mounted  on  a  movable  frame  running  on  rails.  In  these 
days  of  electric  motors  there  is  no  difficulty  in  providing 
power  for  working  this  grate.  It  can  easily  be  con- 
structed to  deliver  the  clinker  and  ashes  continuously  into  a 
transverse  channel  at  the  back  end  of  the  grate,  whence 
it  could  be  removed  by  a  conveyer  to  suitable  trucks. 
Immediately  above  that  part  of  the  grate  on  which  the  fuel 
is  ignited  I  propose  to  provide  a  combustion  chamber  in 
the  form  of  a  long  bridge  made  of  a  special  quality  of  fire- 
brick. I  have  found  by  experiment  that  a  good  way  of 
arranging  this  apparatus  is  in  the  form  of  an  extended  fire- 
brick arch,  each  arch-shaped  brick  having  a  fin-like  pro- 
jection hanging  down  from  its  lower  surface  into  the  path 
of  the  gases.  I  have  already  used  this  form  of  combustion 
chamber  for  Lancashire  boilers  at  our  works  at  Chelmsford 
with  satisfactory  results.  The  extended  surface  of  fire- 
brick acts  extremely  well  as  a  reservoir  of  heat  even  under 
the  difficult  circumstances  of  firing  a  Lancashire  boiler  the 
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fire  door  of  which  must  be  frequently  opened,  but  it  is 
evident  that  this  form  of  bridge  will  work  much  more 
efficiently  in  an  automatically,  and  hence  continuously  fired, 
boiler  where  no  necessity  exists  for  so  often  opening  the 
door  and  hence  admitting  cold  air.  As  I  have  pointed  out 
above,  for  burning  the  first  group  of  cheap  fuels  this  regene- 
rative apparatus  may  be  dispensed  with.  It  is  somewhat 
more  necessary  in  the  case  of  the  second  group,  but  it  is 
absolutely  necessary  in  the  case  of  the  bituminous  smoky 
fuels  of  the  third  group. 

Up  to  the  present  the  weak  point  of  smoke-consuming 
apparatus  has  been  that  it  l^as  generally  stopped  short  at 
supplying  additional  air  so  as  to  obtain  more  perfect 
combustion  of  the  fuel,  and  although  this  has  resulted 
in  a  larger  proportion  of  the  CO  being  converted  into 
CO2,  yet  as  this  has  been  effected  by  passing  a  con- 
siderable excess  of  air  through  the  furnace,  the  heated 
products  have  been  so  diluted  and  cooled  that  not  only 
is  the  output  of  the  boiler  diminished,  but  also  its  effi- 
ciency greatly  reduced.  The  only  satisfactory  method  of 
dealing  with  the  question  is  to  provide  the  combustion 
chamber  I  have  above  described.  I  need  hardly  remind  those 
who  are  accustomed  to  boiler  tests  that  the  efficiency  of  a 
boiler  is  largely  proportionate  to  the  proportion  of  COa 
present  in  the  gases  as  they  leave  the  furnace.  On  tests  we 
always  try  to  get  this  proportion  as  high  as  possible.  In 
my  experiments  at  Chelmsford,  I  have  been  able  when  my 
combustion  chambers  were  worked  successfully,  and  when 
using  highly  bituminous  fuel,  to  bring  the  proportion  of 
CO2  up  to  II  per  cent^  which  is  sufficient  proof  that  a  very 
small  excess  of  air  was  passing,  and  that  the  products  were 
consequently  undiluted. 

How  important  it  is  that  the  excess  of  air  should  be  kept 
down  is  shown  by  the  following  table. 
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Test  of  water- 
tube  boiler  at  St. 
Pancnis. 


B.T.U. 


Test  of  water-tube 
1   boiler  at  Glasgow. 


Result  of  the 
Glasgow  test  if    j 
excesH  of  air  had 
been  prevented,   j 


Heat    transferred     to  J  I        ^ 
u-ater       J  |  10463 

Heat  carried  oflF  with  "J  ' 
products  of  combus- >  I    1,792 
tion  and  excess  air  j 

Heat  in  un burnt  fuel )  I  . 

mixed  with  ashes  ...  )         ^lo 

Heat     radiated      and  \  I 
otherwise unaccoiin-  \\    1,820 
ted  for     y 

B.T.U.  in  fuel    114,400 


Percent. 

B.T.U. 

1 

72-6 

1 

8,228 

12-4 

2,959 

2-2 

417 

., 

390 

100 

12,012 

I  — 

Per  cent.      B.T.U. 

68       I    9,960 

25-25  j     1,440 

I 

3'45  I       240 

I 

3*22  j         360 
100  12,000 


Per 
cent. 


83 
12 


3 
100 


In  column  i  I  give  the  figures  of  an  often-quoted  test 
made  with  a  water-tube  boiler  using  the  best  Welsh  coal, 
hand-fired.  In  this  case  only  about  12*5  per  cent,  of  the 
heat  was  carried  off  with  the  products  of  combustion  and 
excess  air.  Owing  probably  to  considerable  radiation  losses 
the  efficiency  of  the  boiler  in  this  case  was  not  extremely 
high,  being  under  73  per  cent.  In  column  2  I  give  the 
results  of  a  test  made  at  Glasgow  with  a  water-tube  boiler, 
coal  having  a  calorific  value  of  12,000  B.T.U.,  being  fired  by 
automatic  stoking  apparatus.  From  the  inefficient  working 
of  this  apparatus  it  was  found  difficult  to  keep  the  bars 
properly  and  evenly  covered,  so  that  what  otherwise  would 
have  been  an  extremely  good  result  was  spoilt,  as  the  heat 
losses  due  to  heat  carried  off  with  the  products  of  com- 
bustion and  by  excess  air  were  over  25  per  cent.,  so  that  the 
total  efficiency  therefore  worked  out  at  only  68  per  cent. 
In  column  3  I  give  the  results  that  ought  to  have  been 
obtained  at  this  test  with  automatic  stoking  of  this  class  of 
fuel  if  this  excess  of  air  had  been  properly  controlled. 

Since  I  commenced  the  preparation  of  this  paper  I  have 
learnt  that  the  Babcock  &  Wilcox  Co.,  who  have  already 
done  so  much  to  reduce  the  cost  of  steam  raising,  have 
actually  perfected  and  brought  into  practical  use  a  form  of 
furnace  which  combines  a  considerable  number  of  the 
requirements  that  I  have  laid  down  in  this  paper  as  neces- 
sary for  the  satisfactory  and  economical  burning  of  cheap 
fuels.    In  the  Babcock    &  Wilcox   new  revolving  grate. 
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illustrated  by  Figs,  i,  2,  3,  and  4,  it  will  be  seen  that  they 
provide  a  modern  revolving  grate  which  performs  the  duties 
of  feeding  the  fuel  on  to  the  front  of  the  grate  and  delivering 
the  ashes  and  clinker  at  the  back  of  the  grate  in  a  most 
satisfactory  manner.  The  whole  grate  is  mounted  on  a 
removable  frame  running  on  rails  so  that  it  can  be  removed 
from  the  furnace  and  ready  access  given  to  the  parts  for 
examination,  renew^al,  or  repair.  The  difficulty  of  getting  rid 
of  the  clinker  and  ashes  at  the  back  of  the  grate  without 
admitting  air  at  this  point  was  a  matter  in  which  the  old 
Juckes  grate  was  defective.  This  is  got  over  by  means  of  a 
very  heavy  cast-iron  flap  which  rests  on  the  revolving  bars 
at  their  back  end.  The  bars  have  to  move  forward  under 
this  flap,  and  as  it  has  a  sharp  edge  the  clinker  and  ashes  are 
removed  from  the  bars,  slide  over  its  inclined  surface,  and  are 
delivered  into  an  air-tight  receptacle  at  the  back  whence  they 
can  be  removed  by  a  conveyer  or  other  convenient  means* 
It  is  probable  that  this  revolving  furnace  is  a  great  step  in 
advance,  and  probably  the  only  addition  that  is  required 
to  perfect  it  is  the  addition  of  the  combustion  chamber 
which  I  have  described  and  which  is  illustrated  in  Fig.  5. 

In  order  to  show  the  proportion  the  cost  of  fuel  bears 
to  the  total  cost  of  generating  energy  in  a  modern  pow^er 
station  of  moderate  size  I  have  extracted  figures  from  the 
log  book  of  the  power  station  of  our  new  Chelmsford 
works,  from  which  I  have  prepared  the  accompanying  table, 
which  shows  that  under  the  actual  conditions  of  working 
the  plant  during  the  last  forty-nine  weeks,  and  at  an  average 
price  of  17s.  5d.  per  ton  of  coal  (which  was  Nottinghamshire 
steam  hard  of  the  best  quality),  the  cost  of  the  fuel  was  64 
per  cent,  of  the  total  cost  of  cyyd.  per  B.O.T.  unit 
delivered  to  the  tools.  This  plant  is  of  moderate  size ; 
including  spares,  its  maximum  rate  of  output  at  present  is 
about  250  kwts.  It  is  not  easy  to  give  the  average  rate  at 
which  it  is  worked,  but  it  is  probable  that  this  is  at  the  rate 
of  about  120  kwts.  during  54  hours  per  week  and  50  kwts 
during  the  night  shift  during  62  hours  per  week.  If  the 
plant  had  been  worked  at  the  higher  rate  throughout  the 
night  as  well  as  the  day  shift,  the  output  would  have  been 
increased  from  368,000  B.O.T.  units  to  680,000  B.O.T. 
units,  and  the  cost  prices  would  have  "been  modified  as 
shown  in  the  second  column,  that  is  to  say  that  the  cost 
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of  coal  would  then  have  been  about  76  per  cent,  of  the 
total  cost,  which  would  stand  at  o-63d.  per  unit.  If,  how- 
ever, this  plant  were  put  to  work  within  the  radius  of  50 
miles  from  collieries  where  cheap  coal  at  5s.  4d.  per  ton 
could  be  supplied  and  the  furnaces  of  the  boilers  modified 
to  suit  this  fuel  in  the  manner  I  have  indicated,  the 
figures  in  the  3rd  column  would  be  obtained  at  the  rate  of 
output  in  column  i  ;  and  those  in  the  4th  column  at  the 
rate  of  output  in  column  2,  and  it  must  be  observed 
that  in  these  two  columns  I  have  not  reduced  the  cost  of 
labour  to  the  extent  that  might  fairly  be  claimed  by  the 
saving  in  stokers'  wages. 

It  is  needless  for  me  to  point  out  to  you  that  increasing 
the  size  of  this  plant  would  largely  reduce  the  labour  charge, 
so  that  it  is  probable  that  (exclusive  of  interest  and  depre- 
ciation) the  total  cost  price  of  one  farthing  per  unit  would 
be  reached  in  many  cases,  providing  that  the  coal  obtainable 
at  5s.  4d.  per  ton  is  burnt  in  a  satisfactory  manner.  The 
fact  that  such  figures  are  now  easily  within  reach  ought  to 
be  a  powerful  stimulus  to  the  investment  of  capital  in  power 
distribution  works. 


TABLE  SHOWING  THE  PROPORTION  WHICH  THE  COST 
OF  FUEL  BEARS  TO  THE  TOTAL  COST  IN  CHELMS- 
FORD  NEW  W^ORKS   POWER  STATION. 


(0 

(.) 

(3) 

(4) 

1 

1 
1 
1 

Actual  cost 
per  B.O.T. 
unit  at  output 
of  368,000 
units  in  49 
weeks. 

Calculated 

cost  if  full 

night  shift 

be  worked, 

giung 

680,000  units 

in  same 

period. 

Cost  as  in 
col.  I  if  coal 
5s.  4d.  per 
ton  were 
available. 

Cost  as  iu 

col.  2  if  coal 

at  5s.  4d.  per 

ton  were 

available. 

! 
Coal  at  17s.  5d.  per  ton 
delivered  at  boilers    ... 

1    Stores       

1    Labour,  superintendence,  ^ 
!        two  complete  shifts,  in-  f 
i       eluding  flue  and  boiler  C 

cleaning       J 

Repairs     ...     

Total 

Coal  to  total  cost    

d. 
0-488 
00293 

0-236 

0016 

d. 

0-480 
0016 

0-127 

0-009 

d. 
0-I5 

0-0293 

0-236 

0016 

d. 
0-148 
0016 

0-127 

0009 

0-769 

0-632 

0-431 

0-300 

64% 

76% 

35% 

49% 
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ADDENDUM. 


Test  made  since  the  reading  of  the  paper  of  a  Babcock  &  Wilcox 
water-tube  boiler  fitted  with  the  revolving  grate  described  in  the  paper. 


Heating  surface 

Grate  surface  (7'  o"  long  x  5'  o",wide)  chain- 
grate  stoker        

Ratio  of  heating  surface  to  grate  surface     ... 

Kind  of  fuel  used  

Duration  of  test 

Average    observed   gauge    pressure    (atmo- 
spheric pressure  147) 

Average  temperature  of  waiter  fed  by  boiler, 

by  feed  pump 

Pounds  of  fuel  fired  (dry)       

Pounds  of  fuel  fired  per  hour 

Pounds  of  refuse  

Pounds  of  combustible 
Coal  consumed  per  sq.  ft.  of  grate  per  hour 
Total  water  evaporated  (actual  conditions) 
Water  e\-aporated  per  hour      „  „ 

Water  evaporated  per  hour  from  and  at  212'' 

factor  i-2i8        

Temperature  of  saturated  steam       

Temperature  of  superheated  steam 

Superheat  

Water  evaporated  per  sq.  ft.  heating  surface 

per  hour 

Water  evaporated  per  lb.  of  coal,  actual 
conditions  (feed  water  50°  Fahr.,  steam 

pressure  166-25  ^^s.)      

Condition  of  coal  

Water  evaporated  per  lb.  of  coal,  assuming 
feed  water  at  212°  and   under  atmo- 
spheric pressure.    Factor,  1*218 
Water  evaporated  per  lb.   of   combustible, 
actual  conditions  (feed  water  50P  Fahr., 

steam  pressure  166*25  lbs.)      

Water  evaporated  per  lb,  of  combustible, 
assuming  feed  water  50''  Fahr.  and  steam 
pressure  166*25  lbs.    Factor  1*218    ... 

Temperature  of  boiler  rooms 

Temperature  of  flue  gases       

Force  of  draught  in  inches  of  water 

Calorific  value,  theoretical  evaporation  from 

and  at  212°         

Efficiency  heat  utilised  in  boiler        

Eflficiency  heat  utilised  in  superheater 
Total  efficiency 


Sq.ft. 


1827 


}t 

Ratio 
Kind 
Time 

35 

I  :52*4 

Boodyke  Singles 

6  hours. 

Lbs. 

166*25 

Deg. 
Lbs. 

50 

4032 

672 

>> 

318-5 

>i 

3713-5 

If 

19*2 

>) 

27150 

»> 

4525 

Deg. 

5511-45 
373 

>> 

453 
80 

Lbs. 


2*47 


673 
Very  wet. 


8*197 


7*31 


Deg. 
Inches 

890 
70 

524 
.0*184 

Per  lb. 
Per  cent. 

11-33 

72-34 

221 

)) 

74-55 
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Analysis  of  Coal. 
Proximate  Analysis. 


Volatile  matter 


Coke 


rGas  tar,  &c.   . 

<  Sulphur 
(Water... 

r  Fixed  carbon . 

<  Sulphur 
(Ash       ... 


Per  cent. 

33-48 

•55 

4678 

1275 

4520 

•61 
7*41 

5322 

loo-oo 



1-30 



81-25 

Specific  gravity 

Weight  of  one  cubic  foot  in  lbs 

Heating  power,  practical  (lbs.  of  water  at  212"*  Fahr.  evaporated 
by  I  lb.  coal),  by  Playf air's  formula 


Ultimate  Anahsis, 


Carbon     . 

Hydrogen 

Oxygen 

Nitrogen 

Sulphur 

Ash 

Water 


6-90 


63*43 
403 
970 

ri6 

7-41 

1275 


lOO'OO 

Heating  power,  theoretical  (l5s.  of  water  at  212°  Fahr.  evaporated 

by  I  lb.  coal)      ii*33 

Heating  power  of  dried  coal  by  Thompson's  calorimeter  ...     12*87 

(Signed)  Tatlock  &  Thomson. 

TEST  ON  No.  4  BOILER.    November  17,  1899. 
Ax  A  LYSIS  OF  Flue  Gases  by  Orsat's  Apparatus. 

The  average  of  numerous  tests  on  the  above-mentioned  apparatus  at 
an  average  draught  of  o"i84  inches  have  given  : — 


and 


12*35  P^r  cent. 

7-25 

0-15 
80-25 


CO2 

O 
CO 

N 


If  ordinary  air  is  taken  to  contain  206  per  cent,  oxygen,  the  excess 
of  air  will  be  50  per  cent,  over  the  theoretical  quantity  required. 

By  calculation  on  above  data  and  the  temperature  of  the  flue  gases 
compared  with  the  temperature'  of  boiler-house,  a  loss  of  1375*66 
B.T.U.  —  12-5  per  cent,  is  shown.  The  calorific  value  of  the  fuel  used 
has  been  found  to  be,  by  appHcation  of  chemical  analybis  made  by 
R.  R.  Tatlock  &  Thomson  in  Glasgow  to  Dulong's  formula  equal 
10989  B.T.U. 
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Heat  Balance. 

Heat  used  for  evaporation  of  water    78844    B.T.U.      72*34  per  cent. 
Heat  used  for  superheat  of  steam  ...      2428        „  2'2i        „ 

Loss  in  ilue  gases  per  calculation,  as 

indicated  above  1375*66      „  I2'5i        „ 

Loss  unaccounted  for  by  radiation, 

incomplete  combustion,  ashes, 

etc T48614      „  1294        „ 

1098900  B.T.U.     loooo  per  cent. 
Total  efficiency  74*55  P^r  cent. 

Mr.  S.  Z.  DE  Ferraxti  :  The  two  papers  which  have  been  read  Mr.Fenranti. 
to-night  are  of  great  interest  to  this  Institution,  principally  because  its 
members  have  to  deal  with  the  generation  and  supply  of  electrical 
energy  ;  and,  to  my  mind,  quite  the  most  difficult  problem  in  the  supply 
o£  electrical  energy  is  that  of  steam  generation.  The  time  of  year 
at  which  these  papers  have  been  read  is  especially  suitable  for 
emphasising  this  point,  as  it  is  now,  unfortunately,  that  many  central 
station  engineers  realise  what  a  very  difficult  problem  that  of  steam 
generation  really  is.  Not  only  have  we  to  arrange  for  generating  the 
steam  economically  throughout  the  year,  but  to  provide  for  times  when, 
owing  to  unexpectedly  large  demand,  from  fogs  in  a  city  like  this,  and 
other  causes,  the  steam  generating-plant  is  very  hard  pressed.  I  think 
I  am  right  in  saying  that  where  difficulties  exist  in  electric  supply,  the 
greatest  to-day  is  that  of  generating  sufficient  steam  at  the  right  time  for 
running  the  engines. 

The  question  of  fuel  has  been  largely  dealt  with  to-night  in  the 
papers,  but,  owing  to  the  large  amount  of  coal  taken  by  the  Govern- 
ment, there  is  throughout  the  country — and  more  especially  in  London 
— 2L  very  great  difficulty  at  present  in  obtaining  coal  of  the  desired 
class  for  forcing  the  boilers  to  their  maximum  capacity.  With  regard 
to  cheap  fuels,  we  have  found  at  our  own  works,  in  generating 
electric  supply  for  power  and  lighting,  that  we  gain  considerably 
by  using  very  cheap  fuels  as  compared  with  fairly  good  ones.  We 
have  no  cost  of  getting  rid  of  clinker,  and  our  conditions  are  in 
that  respect  different  from  those  in  ordinary  towns ;  but  the  difficulty 
which  arises  with  us  is,  that  so  soon  as  we  have  been  running  for  a  few 
months  with  a  satisfactory  and  cheap  fuel,  and  made  a  saving,  the 
supply  of  that  fuel  becomes  exhausted,  or  its  price  is  raised,  so  that 
really  nothing  is  gained  by  the  experiments  made  to  find  out  which  was 
the  most  economical  in  use. 

With  regard  to  economy  and  continuity  of  working,  it  is  very  im- 
portant to  have  a  sufficiently  large  combustion  chamber.  The  great 
difficult)',  especially  in  boilers  which  are  forced  considerably,  appears 
to  be  that  the  hot  flame  impinges  directly  upon  a  cool  surface,  and  so 
combustion  is  not  as  complete  as  it  should  be.  The  plan  Mr.  Crompton 
has  shown  in  the  diagram  of  his  special  form  of  incandescent  arch  for 
assisting  combustion  must,  undoubtedly,  give  a  very  much    higher 
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Mr.  Fevraoti.  economy.  Mj'  Own  experience,  unfortunately,  has  been  that  the  bricks 
of  any  kind  of  arch,  even  the  side  lining  of  furnaces  with  boilers  w^hicli 
have  a  good  deal  of  work  to  do,  slag  down  very  rapidly ;  in  fact  the 
furnaces  of  many  electric  boilers  at  certain  times  are  very  much  like 
blast  furnaces,  the  heat  is  so  great,  and  the  Are  so  intense.  Although 
the  results  are  very  good  as  long  as  the  brickwork  lasts,  the  greatest 
difficulties  are  met  with  in  its  maintenance  and  in  the  cost  of  renewal. 

A  ver\-  \-ital  point  in  the  economy  of  steam-generation  in  large 
plants  is  to  have  sufficient  spare.  It  is  no  use  to  have  sufficient  sparer 
in  the  summer  time  ;  the  important  thing  is  to  have  a  substantial  spare 
at  the  worst  time  of  the  year,  so  that  thoroughly  efficient  cleaning  opera- 
lions  can  go  on  all  the  year  round.  Most  of  us  know  of  tests  which 
have  shown  how  quickly  the  efficiency  of  a  boiler  goes  dow^n  as  it  is 
kept  in  continuous  work.  There  is  the  deposit  inside  the  boiler  and 
there  is  the  deposit  of  a  coaly  nature  outside  the  boiler,  that  is  to  say  on 
the  surfaces  which  are  exposed  to  the  flame,  and  these  together  so  effec- 
tually insulate  the  fire  from  the  water  that  ver>'  great  loss  of  economy 
results  therefrom.  I  therefore  think  that  one  of  the  essential  points 
in  ensuring  good  economy  is  to  have  a  sufficient  reserve  to  l>e  able  to 
work  the  boilers  economically,  and  to  l>e  able  to  clean  them  most 
systematically  and  thoroughly  at  all  times  of  the  year. 
Mr.  stfo-  Mr.  C.  E.  Stromeyer  :  Mr.  HoUiday's  paper  is  especially  interesting 

^^>'^-  on  account  of  the  very  exact  figures  and  details  which  he  gives.     Mr. 

Crompton's  paper  is  of  particular  interest  as  being  suggestive  ;  and 
there  are  many  points  that  one  w*ould  like  to  discuss.  Mr.  HoUiday's 
paper  is  rather  difficult  to  speak  upon,  because  it  is  so  complete  in  itself, 
but  I  have  made  a  few  comparisons  which  may  be  of  interest.  For  in- 
stance, it  appears  that  the  moving  of  the  refuse  in  his  case  costs  about 
2s.  per  ton.  The  paper  also  shows  that  with  coals  containing  much 
refuse  matter,  the  efficiency  of  the  fuel  is  below  what  it  should  be  if 
reckoned  by  the  amount  of  carbon  and  hydrogen  in  it,  because  the 
ash  in  the  coal  has  a  greater  deteriorating  effect  than  it  should  have 
theoretically — I  think  it  is  about  40  or  50  per  cent.  more.  Taking  that 
into  account,  the  figures  which  Mr.  HolHday  has  given  work  out 
very  well.  I  have  also  calculated  the  cost  of  firing  coal  having 
different  percentages  of  ash.  If  the  coal  were  perfectly  free  from  ash, 
the  cost  of  stoking  at  these  works  would  be  about  id.  per  ton  of 
water  evaporated;  if  there  were  10  per  cent,  of  ash  it  would  be 
ijd. ;  with  20  per  cent,  it  would  be  2jd.  ;  with  30  per  cent,  it  would 
be  4jd.  So  that  with  30  per  cent  of  ash  in  the  coal  the  cost  of  firing 
it  is  increased  more  than  fourfold.  This  comparison  should  be  borne 
in  mind  in  dealing  with  colliery  proprietors  as  to  the  purchase  of  coal. 

It  is  quite  true,  and  most  natural,  as  Mr.  Cronipton  has  said,  that 
as  soon  as  a  demand  springs  up  for  slack  the  price  rises.  The  shale 
oils  of  Scotland,  which  were  at  one  time  very  cheap,  afford  another 
instance  of  this  effect.  Three  attempts  have,  I  believe,  been  made  to 
use  this  shale  oil  for  boiler  purposes  in  steamers,  and  in  every  case  the 
attempt  had  to  be  given  up  because  the  price  of  the  shale  oil  at  once 
increased,  and  it  was  then  uneconomical  to  use  it.  The  oil-burning 
furnaces  had  to  be  taken  out  and  ordinary  grates  substituted  again. 
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With  regard  to  Mr.  Crompton's  table  on  page  71,  giving  a  comparison  Mr.  stro- 
between  the  two  water-tube  boilers,  the  loss  of  heat  by  radiation  and  "^^^' 
in  other  wa)rs,  which  is  of  course  found  by  difference,  amounted  in  one 
case  to  127  per  cent,  and  in  another  to  3-22  per  cent.  If  those  two 
boilers  were  similar,  there  would  appear  to  be  something  wrong  with 
the  figures  quoted,  especially  as  the  second  is  rather  low.  I  believe 
the  true  explanation  is  that  the  amount  of  heat  carried  away  by  the 
gases  is  wrongly  stated,  for  I  do  not  believe  that  25  per  cent,  was  lost 
in  this  way.  The  error  is  very  likely  due  to  the  method  used  for  samp- 
ling the  gases,  a  point  upon  which  I  have  collected  information.  I 
should  first  explain,  however,  in  what  way  the  quantity  of  flue  gases 
can  be  estimated.  One  method  is  by  analysing  the  gases,  and  thus 
finding  out  the  quantit}'  of  carbonic  acid  present  in  them  ;  from  that 
may  be  calculated  the  ratio  between  the  coal  used  and  the  flue  gases, 
and  hence  the  quantity  of  gas  passing  through  the  furnace.  Another 
method,  which  I  believe  to  have  been  first  indicated  by  Professor  O, 
Reynolds,  is  to  ascertain  the  quantity  of  heat  abstracted  by  the 
Economiser.  The  amount  of  heat  taken  up  by  the  economiser 
and  that  lost  by  the  gases  must  be  equal.  They  can  be  measured 
by  the  fall  of  temperature  in  the  one  case,  and  by  the  rise  of 
temperature  in  the  other.  The  weight  of  the  feed-water  is  known, 
and  therefore  the  weight  of  the  gases  can  at  once  be  found.  I 
have  compared  the  two  methods  in  ten  trials  made  on  the  same 
boilers,  and  carried  out  by  two  independent  engineers.  The  highest 
result  for  the  economiser  system  was  26  per  cent,  above,  the  lowest 
exactly  26  per  cent,  below,  that  by  the  gas  analysis  system.  The 
two  methods  are  therefore  uncertain  to  the  extent  of  ±  26  per  cent., 
which  is  a  very  large  error.  The  other  figures  are  these,  +  26,  -{-17, 
+  I3>  +  9»  +  9»  +  7»  +  6,  —  1*3,  —  7,  and  —  26  per  cent.  The  average 
result  is  that  the  economiser  gives  26  lbs.  of  waste  gases  per  pound  of 
fueU  and  the  chemical  analysis  gives  25^-  lbs.  The  general  average 
is  thus  in  fair  agreement,  but  the  discrepancies  are  enormous,  and 
for  that  reason  I  do  not  feel  inclined  to  attach  great  importance 
to  either  method  of  determining  the  quantity  of  gases.  The 
whole  subject  requires  very  careful  investigation.  Mr.  Longridge, 
in  some  experiments  which  were  in  a  way  rather  discouraging,  has 
observed  a  great  difference  of  temperature  between  the  top  and  the 
bottom  of  the  flue,  and  we  do  not  know  with  certainty  what  is  the 
mean  temperature  of  the  issuing  gases.  I  also  think  there  is  consider- 
able discrepancy  in  the  chemical  composition,  according  to  whether 
the  sample  is  taken  from  the  top  or  the  bottom  of  the  flue. 

Mention  was  made  in  the  paper  of  converting  the  fuel  into  gas,  and 
the  Mond  system  was  referred  to.  I  believe  that  at  present  that  system 
is  the  most  successful  one,  but  as  this  process  was  invented  specially 
(and  is  very  suitable)  for  the  production  of  ammonia,  it  does  not  always 
work  when  there  is  insufficient  nitrogen  in  the  coal.  Indeed,  I  believe 
it  will  not  always  work  even  when  the  nitrogen  analysis  is  satisfactory. 
There  appear  to  be  certain  coals  which  will  work  with  it,  and  certain 
others  which  will  not.  As  soon  as  it  is  found  which  qualities  will  give 
the  best  results  with  that  system,  or  in  fact  any  other  system,  the  price. 
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Mr.  of  such  coal  will  go  up  again,  whether  you  use  slack  or  not.     There 

romeycr.     ^^,jjj  ^  ^  profit,  as  is  always  the  case  where  a  saving  is  effected,  but  the 
coal  consumer  will  not  necessarily  be  the  gainer. 

Mr.  Crompton  recommends  externally -fired  boilers  for  the  reason 
that  a  very  much  larger  grate  may  be  used.    I  quite  agree  that  this 
is  a  great  advantage,  but   externally-fired  boilers  have  always  been 
unsatisfactory.    The   largest   of  that   tj'pe   is  the  egg-ended   boiler, 
but  in  that  the  plates  frequently  crack  as  the  scale  settles  down  to  the 
bottom ;  they  always  give  trouble,  and  may  lead  to  very  serious  explo- 
sions, as  for  example  in  the  case  of  twelve  boilers  which  exploded  at 
Redcar.    The  other  extreme  of  the  externally-fired  boiler  is,  of  course, 
the   water-tube   boiler.    These  boilers  are  infinitely  safer  than  those 
just  mentioned,  but  still  they  present  the  same  difficulty,  namely,  that 
the  scale  settles  on   the  surface  which  is  directly  over  the  fire  and 
causes  trouble  there.     We  find  from  experience  that  the  members  of 
the  Manchester  Steam  Users'  Association  dislike  them,  and  those  who 
have  tried  them  are  not  very  fond  of  them.    They  are  accustomed  to 
the  Lancashire   boiler,  which  works  for  many  years  without  giving 
any  trouble.      There    may  occasionally   be  a  sign   of   leakage,   and 
the  boiler  is   laid    off   at    the    end  of   the  week,   the   boiler-maker 
comes  and  repairs  it,  and  there  is  no  serious  trouble.    But  with   a 
water-tube   boiler    the    case  is  different  ;    as  soon  as  there  is  any 
leakage  the  user  does  not  know  whether  the  tube  will  burst  or  not, 
or  whether  something  may  happen,  and  so  the  boiler  is  at  once  put  out 
of  use,  and  has  to  be  repaired.    Although  the  cost  in  either  case  may 
be  about  the  same,  the  mill-owners  find  a  practical  difference  ;  in  the 
one  case  they  can  go  on  with  their  work  quietly  until  the  end  of  the 
week,  and  get  the  repairs  done  ;  whilst  in  the  other  case  the  boiler  has 
to  be  stopped  suddenly,  and  the  w^hole  mill  is  thrown  out  of  gear.    I  am 
only  mentioning  this  from  the  manufacturer's  point  of  view.   With  Cor- 
porations, and  especially  with  large  Electrical  Syndicates,  that  point  does 
not  weigh  so  much,  because  they  usually  have  spare  boilers,  and  if  one 
boiler  is  a  little  doubtful  they  can  at  once  start  another  in  its  place.     In 
fact,  electrical  stations  should  be  supplied  with  a  very  large  allowance  of 
spare  boilers,  as  Mr.  HoUiday  has  rightly  pointed  out.     This  is  a  very- 
essential  point  for  electrical  stations,  and  where  reserves  do  exist,  of  course 
it  is  immaterial  whether  one  or  two  boilers  are  under  repair  or  not.  That 
is  why  I  am  doubtful  whether  the  full  benefit  of  having  the  grates  out- 
side the  boiler  can  be  reaped.     The  brick  arch  which  has  also  been 
suggested  suffers  from  the  defect  which  Mr.  Ferranti  has  mentioned, 
that  it  will  melt  away,  and  it  aggravates  the  danger  of  which  I  have 
spoken.     In  fact,  that  is  the  point  which  I  wish  to  emphasise ;  the  heat 
is  so  intense  that  externally-fired  boilers  are  apt  to  suffer  very  much 
if  the  brick  furnace  is  used.     I  believe  that  a  very  fair  combination  of 
systems  is  to  be  found  in  those  dry-back  boilers,  as  they  are  called, 
in  which  the  initial  combustion  is  effected  inside  the  furnace.   The  first 
intense  heat  comes  in  contact  with  the  furnace  plates,  and  then  there 
is  a  large  brick  combustion  chamber  where  all  the  smoke  gets  consumed, 
and  then  the  gases  are  turned  into  the  boiler  tubes,  so  that  the  heat  is 
abstracted  from  them. 


Digitized  by  LjOOQ  IC 


Ifi99.]  DISCUSSION.  81 

Mr.  DuGALD  Clerk  :  Mr.  Holliday's  paper  is  exceedingly  interest-  Mr.cicrk. 
ing ;  and  it  would  be  very  valuable  to  engineers  if  more  of  us  were  to 
take  the  trouble  to  compile  statistics  of  the  kind  that  he  gives  from  the 
boilers  in  our  charge.  With  regard  to  Mr.  Crompton's  paper,  however, 
I  should  like  to  raise  a  note  of  warning  against  two  or  three  things 
which  he  has  suggested.  In  the  first  place,  so  far  as  I  understand  the 
matter,  it  is  quite  a  mistake  to  think  that  a  gas  producer  will  ever  do 
any  good  in  connection  w^ith  a  steam  boiler.  With  the  special  Mond 
producer  there  are  reasons  why  some  success  should  be  achieved  ;  but 
all  attempts  to  arrange  producers  so  as  first  to  convert  the  fuel  into  gas 
and  then  to  burn  it  under  a  steam  boiler  have  failed,  although  many 
sach  attempts  have  been  made.  They  have  failed  for  a  reason  that  may 
be  very  easily  understood.  If  you  wish  to  convert  a  pure  carbon  fuel 
into  gas — ^and,  of  course,  the  majority  of  fuels  contain  a  very  large  pro- 
portion of  carbon — you  must  first  convert  the  fuel  into  carbonic-oxide, 
and  then  convert  the  carbonic-oxide  into  carbonic  acid  in  the  fire.  The 
consequence  of  this  arrangement  is  that,  if  the  producer  is  altogether 
outside  the  furnace,  the  gas  which  you  have  produced  never  gives  more 
than  about  70  per  cent,  of  the  total  heat  possible  by  the  combustion  of 
the  fuel.  In  other  words,  if  you  take  a  gas  producer,  such  as  the  Wilson 
or  the  Dowson,  or  any  other  well-known  producer  of  the  kind,  you  will 
find  that  you  never  get  in  the  gas  from  the  producer  the  full  amount  of 
heat ;  if  the  gas  from  the  producer  be  burnt  it  will  only  give  about  70 
per  cent,  of  the  heat  that  the  coal  which  made  the  gas  would  have  given 
originally.  There  is  a  loss  of  30  per  cent,  in  the  producer.  The  only 
way  to  avoid  this  is  to  have  the  whole  of  the  producer  within  the  boiler, 
and  so  prevent  producer-loss ;  but  that,  in  previous  attempts,  has  always 
been  found  impossible.  According  to  every  test  made  by  reliable 
people  up  to  now,  by  using  a  gas  producer  not  more  than  70  per 
cent.,  at  the  most,  of  the  original  heat  of  the  coal  would  be  sent  into 
the  boiler,  and  of  that  70  per  cent.,  as  in  one  of  the  tests  here,  only  72 
per  cent,  would  probably  be  utilised.  Therefore  I  consider  that,  except 
under  unusual  circumstances,  gas  producers  could  not  well  be  used 
unless  with  some  exceedingly  cheap  fuel  that  cannot  be  burnt  in  any 
other  way.  For  a  fuel  that  cannot  be  burnt  in  an  ordinary  grate,  or  in 
some  modification  of  an  ordinary  grate,  it  might  pay  to  put  down  a  pro- 
ducer, but  not  otherwise. 

With  regard  to  boilers  of  the  water-tube  type,  I  quite  agree  with  Mr- 
Stromeyer  that  they  are  not  satisfactory  to  the  ordinary  manufacturer. 
I  have  had  a  good  deal  of  experience  with  them,  and  it  has  been  my 
unfortunate  duty  to  turn  them  out  and  replace  them  with  Lancashire 
boilers.    A  good  water-tube  boiler,  such  as  the  Babcock  &  Wilcox,  has 
a  very  great  advantage  compared  with  the  Lancashire  boiler,  where  you 
require  to  get  a  boiler  into  a  space  difficult  of  access,  and  also  where 
yoD  require  to  get  a  high  steam-pressure  ;  but  you  must  carefully  con- 
sider the  difference  between  the  efficiency  of  the  boiler  and  the  effi- 
ciency of  the  engine,  and  in  some  cases  you  will  find  it  would  pay 
better  to  be  content  with  lower  pressures  and  a  better  and  more 
economical  boiler.  The  main  loss,  which  causes  the  results  obtained  with 
-tlie  Babcock  &  Wilcox  boiler  to  differ  from  those  with  the  Lancashire 
VOL.  XXIX.  *  6 


Digitized  by  LjOOQ  IC 


82 


COST  OF  STEAM   RAISING. 


[Nov.  23rd, 


Mr. 
Crompton. 

Mr.  Clerk. 


Mr.  Clerk,  boiler,  is  due  to  radiation  and  conduction  from  the  fire-brick  furnace. 
Wherever  a  fire-brick  furnace  encloses  a  flame,  and  the  side  of  the 
furnace  is  incandescent,  although  on  touching  the  outside  of  the  brick- 
work there  would  appear  to  be  no  serious  loss  of  heat,  measurements 
will  show  that  the  heat  loss  is  very  great.  Reference  to  many  of  Long- 
ridge's  experiments  upon  boilers  of  the  Babcock  &  Wilcox  type  will 
show  that  a  very  great  loss  of  heat  is  caused  in  that  way,  somewhat 
larger  than  in  the  table  given  by  Mr.  Crompton,  This  table  in  one  case 
gives  a  loss  of  127  per  cent,  heat  radiated,  but  in  the  Glasgow  boiler 
only  3*22  per  cent.  That  is  absurd.  There  is  no  boiler  ever  built  that 
gave  such  a  low  loss  by  radiation. 

(Mr.  Crompton  :  It  is  one  of  Mr.  Longridge's  tests,  made  very  care- 
fully.) 

Mr.  Clerk  :  There  is  something  utterly  wrong  with  it.  It  is  quite 
obvious  that  if  a  furnace  be  placed  in  the  middle  of  the  boiler,  as  in  the 
Lancashire  boiler,  there  will  be  no  radiation  loss  from  the  furnace,  but 
only  the  ordinary  radiation  loss  which  occurs  in  every  boiler,  due  to  the 
boiler  surface  itself.  The  combustion  may  not  be  quite  complete,  but 
it  is  rather  a  peculiar  fact  that  in  Lancashire  boilers  the  highest  economy 
is  obtained  when  the  combustion  is  incomplete.  The  reason  is  this  :  to 
ensure  very  complete  combustion  there  must  be  a  large  excess  of  air, 
and,  in  consequence,  more  heat  must  be  carried  away. 

The  types  of  water-tube  boiler,  such  as  the  Yarrow,  the  Thornycrof t, 
and  the  boilers  used  by  Parsons  in  the  "  Turbinia,"  where  the  furnace 
is  within  the  tubes,  not  without,  give  all  the  efficiency  with  all  the 
advantages  of  the  higher  pressure. 
Mr.  MiUer.  Mr.  H.  W.  MiLLER  :  Mr.  Crompton  mentions  in  his  paper  the  use 

of  special  smoke-consuming  fire-bridges  in  boilers  for  the  purpose  of 
improving  the  combustion.  I  have  been  experimenting  on  that  subject 
for  the  last  three  years,  more  especially  for  the  purpose  of  reducing  the 
smoke  produced  by  boilers  of  the  Babcock  &  Wilcox  type,  and  I  have 
achieved  a  certain  amount  of  success.  So  much  so,  that  most  of  the 
qualities  of  Welsh  coal  that  come  to  London,  which  are  only  so-called 
smokeless,  can  be  burned  with  ease  in  the  Babcock  boiler.  But,  of 
course,  it  is  quite  impossible  with  the  ordinary  standard  construction 
to  burn  the  best  qualities  of  Welsh  coal  such  as  we  ought  to  use — 
Ocean,  Hills-Plymouth  and  Nixon's.  At  present,  on  account  of  the 
production  of  smoke,  we  are  practically  bound  to  burn  coals  which 
arc  almost  semi-anthracitic,  and  we  do  not  get  the  good  results^ 
we  should.  It  is  well  known  that  in  the  ordinary  standard  pattern 
of  the  Babcock  &  Wilcox  boiler  there  is  no  real  combustion  chamber 
at  all ;  the  gases  rise  from  the  furnace  and  immediately  go  among  the 
tubes  and  the  temperature  drops,  so  that  by  the  time  the  gases  arrive 
in  the  so-called  combustion  chambers  at  the  top  of  the  tubes,  the 
temperature  is  so  low  that  there  is  very  little  combustion  at  all.  The 
object  of  putting  this  special  fire-brick,  smoke-consuming  bridge  is  to 
raise  the  temperature  of  that  point,  and  so  complete  the  combustion. 
I  find  by  using  the  pyrometer,  in  an  ordinary  boiler  the  temperature  of 
flue  gases  at  the  top  of  the  tubes,  after  they  have  risen  from  the  furnace 
and  gone  through  the  first  line  of  tubes,  is  from  800°  to  1,000*'  Fahrenheit, 
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which  is  much  too  low  to  complete  combustion.   But  after  fixing  the  fire-  Mr.  MUier. 

bridge,  which  consists  of  a  very  large  mass  of  fire-brick  and  hollow 

spaces  through  which  hot  air  is  introduced,  the  temperature  measure 

at  the  back  of  the  bridge  is  from  1,200  to  1,600  degrees.    When  you  look 

inside  the  boiler  at  this  point,  instead  of  it  being  practically  dark, 

you  see  the  whole  space  full  of  flame.     The  result  is  that  a  large 

proportion  of  the  smoke  is  consumed.     Mr.  Crompton  also  mentioned, 

and  has  shown  on  the  screen,  some  improvements  in  the  type  of  the 

Babcock  boiler  where  the  chain-grate  stoker  is  used,  and  he  showed 

the  improved  form  of  fire-brick  arch.     In  some  boilers  which  are  being 

built  for  my  Company  for  use  next  year  I  have  "gone  one  better  "  than 

Mr.  Crompton's  design,  and  have  provided  a  real  combustion  chamber, 

so  that  I  hope  to  be  able  to  burn  North  Country  or  Midland  coal.     In 

addition  to  the  fire-brick  arch  which  Mr.  Crompton  showed  on  the 

screen,  the  whole  of  the  tubes  of  the  boiler  have  been  lifted  up  an 

extra  two  feet,  a  second  arch  has  been  put  in  coming  from  the  back 

part  of  the  furnace,  and  a  large  combustion   chamber  is  formed  in 

that  space,  entirely  lined  throughout  with  fire-brick,  and  into  that  space 

is  admitted  a  certain  amount  of  hot  air.     By  that  means  I  hope  to  be 

able  to  improve  the  combustion  so  much  that  I  shall  not  be  obliged 

to  use  Welsh  coal  only  in  future. 

Mr.  B.  Blount  :  I  did  not  intend  to  speak  at  all,  but  there  have  ^'-  ^^"^^^ 
been  sundry  chemical  questions  raised  on  which  I  may  be  able  to  say  a 
word,  notably  in  the  case  of  the  determination  of  the  efficiency  of  a 
boiler,  or  rather  the  efficiency  of  the  burning  of  the  fuel  for  the  boiler 
by  the  analysis  of  the  gases  which  come  away  from  the   furnace. 
Various  remarkable  figures  have  been  stated  from  time  to  time  as  to  the 
percentage  of  carbonic  acid  in  these  gases,  and  we  hear  of  the  percentage 
running  up  to  a  point  where  it  rivals  that  of  the  oxygen  which  has 
been  consumed,  which,  considering  that  there  is  a  certain  amount  of 
hydrogen  in  fuel,  is  absurd.    When  we  pass  from  those  regions  of  m)rth 
and  come  down  to  actual  facts,  we  discover  that  some  users  of  special 
forms  of  boiler-grate  and  the  like  get  really  remarkable  results — 12  per 
cent.of  COi  and  so  on.  Personally  I  have  analysed  a  great  number  of  gases 
ai  this  kind,  but  do  not  find  anything  of  the  sort ;  I  find  a  maximum  of 
something  like  10  or  11  per  cent.,  but  not  more.    Then  there  is  another 
question  of  the  same  kind  which  arises  from  the  analysis  of  these  gases. 
It  is  usually  supposed — I  do  not  think  by  the  authors  of  these  papers  or  by 
those  who  are  likely  to  speak  in  this  discussion,  or  by  those  who  have  made 
a  special  study  of  the  question — but  it  is  supposed  by  a  great  number 
of  steam  users  that  they  run  two  serious  risks.    The  one  is  the  loss 
of  energy  from  the  fuel  by  imperfect   combustion,  due  to  the  pro- 
duction of  some  incompletely-oxidised  carbon  in  the  form  of  carbon 
monoxide.    They  may  relieve  their  minds  as  to  that.     It  must  be  a  very 
badly-run  furnace  which  produces  carbon  monoxide.   Carbon  monoxide 
is  rarely  found  in  ordinary  flue  gases,  and  if  found,  the  quantity  is  very 
small.     The  second  fear,  which  I  can  also  dispel,  arises  when  they  sec 
a  little  smoke  going  out  of  the  chimneys  ;  they  are  afraid  they  may  be 
rained.     It  is  much  more  likely  that  the  neighbourhood  will  be  ruined 
than  that  their  pockets  will  suffer. 
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Mr.  Blount. 


Mr.  Adden- 
brooke. 


Mr.  Dugald  Clerk  has  spoken  a  great  deal  about  the  disadvantages 
which  he  ascribes  to  the  use  of  a  producer.  I  would  like  to  point  out 
that  when  a  producer  is  run  as  it  should  be  with  a  proper  supply 
of  steam,  so  that  the  sensible  heat  of  combustion  of  the  fuel  used  is 
applied  to  the  production  in  proper  proportion  of  hydrogen  and  carbon 
monoxide,  nothing  like  30  per  cent,  of  the  calorific  value  of  the  fuel  is 
lost  And  further  than  that,  if  the  producer  is  put  close  up  against  the 
object  to  be  heated,  the  amount  of  sensible  heat  which  would  otherwise 
be  lost  can  be  used  and  absorbed  by  the  surfaces  to  which  it  is  applied, 
just  as  freely  as  is  the  sensible  heat  of  the  furnace  gases  of  solid  fuel 
burning  in  an  ordinary  grate.  Further,  there  is  this  point  which  Mr. 
Dugald  Clerk  did  not  mention — that  no  one  in  his  senses  would  think 
of  using  a  producer  for  suppl3dng  producer-gas  to  feed  a  boiler;  he 
would  use  it  for  driving  a  gas  engine,  and  that  is  a  totally  different 
thing.  The  economy  of  fuel  that  can  be  got  in  that  way  is  very 
considerably  greater  than  can  be  got  from  the  steam  engine,  putting 
aside  the  recovery  of  the  ammonia  which  has  also  been  spoken  of  this 
evening.  That  recovery  of  ammonia,  I,  speaking  again  as  a  chemist,  a 
little  demur  to.  I  am  rather  afraid  of  the  market  being  flooded  \inth 
that  useful  material,  sulphate  of  ammonia,  which  may  presently  cause 
it  to  be  sold  at  something  less  than  the  price  of  the  sulphuric  acid 
which  it  contains.  Then,  although  agriculturists  will  prosper,  the 
fuel  seller  and  the  power  raiser  will  suffer. 

Mr.  G.  L.  Addexbrooke  :  These  two  papers  are  difBcult  to  discuss 
because  it  is  hard  to  know  what  is  admissible  in  the  discussion.  As 
electrical  engineers  we  are,  of  course,  interested  in  the  cost  of  raising 
steam,  but  we  are  still  more  interested  in  the  relative  cost  of  raising 
steam  in  comparatively  small  plants  as  compared  with  large  plants 
where  every  facility  can  be  provided.  The  problem  on  which  we  are 
at  present  engaged  is  to  see  how  far  we  can  replace  the  steam  engines 
and  boilers  of  factories  by  steam  generated  in  central  stations.  Mr. 
HoUiday's  paper  is  exceedingly  valuable,  not  because  it  goes  into  the 
future,  but  because  it  gives  us  figures  as  to  good  commercial  practice. 
These  figures  may  be  taken  as  absolutely  correct  for  a  large  factory, 
and  the  question  is  how  far  we  can  do  better  with  them  with  higher 
pressures  and  modern  appliances,  and,  on  the  other  hand,  how  far  it 
would  be  possible  to  supply  electric  power  instead  of  locally  generated 
power  for  such  plants  as  Mr.  HoUiday  speaks  of.  I  may  say  that  three 
or  four  years  ago,  in  going  into  this  question  very  carefully,  I  was 
exceedingly  anxious  to  get  figures  of  the  kind  given  here ;  but,  after  making 
many  inquiries  among  manufacturers  in  all  directions,  I  was  astonished 
to  find  the  difficulty  there  is  in  getting  any  really  reliable  figures.  I 
may,  however,  quote  one  or  two.  The  annexed  table,  which  I  com- 
piled at  the  time,  gives  the  cost  of  running  a  50  horse-power  and  a 
100  horse- power  steam  engine  : — 
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SOUTH   STAFFORDSHIRE   DISTRICT. 


Mr.  Adden- 
brookc. 


COST  OF   IN'STALLIXG  AXD   WORKING  STEAM   PLAXT. 


I.  Capital  Cost, 

ForsoI.H.R 

£  s-  d. 

Boilers  (50  H.P.,  two ;  100  H.P.,  three)       400  o  o 

Engine,    including    cost    of    belt    and 

gearing  for  connecting  to  work       ...       250  o  o 

Pumps,  pipes,  valves,  etc.          100  o  o 

Boiler-  and  engine-house,  stack,  and 
water  arrangements  and  general  ex- 
penses of  installation 250  o  o 


For  100  I.H.P. 

£      s.    d. 

600    o    o 

400    o    o 
150    o    o 


300    o    o 


Total  ... 
Cost  per  Indicated  H.P. 


...;£t,ooo    o    o     ...^'1,450    o    o 


14    o    o 


2.  Annual  Cost, 


Driver  and  stoker  at  40/-  per  week  for 
50  H.P 

Driver  and  stoker  at  45/-  per  week  for 
100  H.P.  

Coal,  say  5  lbs.  per  I.H.P.  for  2,700 
hoars  per  annum,  at  5/-  per  ton,  plus 
10  %  for  raising  and  banking  fires  ... 

Oil,  waste,  etc 

Boiler  insurance  and  other  expenses  ... 

Interest,  say  yi  %  on  above,  deprecia- 
tion and  insurance  also  7^  %  on  above 
(nothing  is  specially  allowed  for  rates, 
taxes,  and  superintendence,  which  are 
considered  to  be  covered  in  this  item) 


For  50  H.P. 


104     O    O 


1^0     O     O 


Total  annual  cost     £3^^  11     o 

Cost  per  annum  if  engine  is  worked  at 
average  of  two-thirds  of  full  load,  per 
I.H.P.  (which  is  about  what  is  prac- 
tically the  case)  £10  13    8 

If  B.H.P.  is  taken  as  the  standard 
instead  of  I.H.P.,  the  above  costs  must 
be  increased  by  15  %,  or  to ^£12    5    7 


For  100  H.P. 


... 

... 

117 

0 

0 

82  II 

0    ... 

150 

0 

0 

20    0 

0    ... 

30 

0 

0 

6    0 

0    ... 

12 

0 

0 

217  o    o 

,^526  10    o 

£»  4  3 

£9  8  10 


The  general  results  of  this  tabic  show  that  if  you  take  an  ordinary 
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Mr.  Adden-  engine  working  under  commercial  conditions,  and  the  price  of  coal  at 
brooke.  about  six  shillings  a  ton,  the  cost  comes  out  at  about  one  penny  per 
indicated  H.P.  of  the  engine  per  hour.  By  this  I  do  not  mean  per 
I.H.P.  of  the  work  done,  but  rather  that,  supposing  you  have  an  engine 
which  is  capable  of  indicating  40  or  50  H.P.,the  cost  will  be  something 
like  three  shillings  an  hour  to  run  that.  These  figures  arc  very  much 
higher  than  those  usually  given,  but  I  read  a  paper  in  the  Midlands  on 
the  subject  of  power  generation  some  time  ago,  and  one  of  the  ablest 
men  in  the  district  was  very  much  interested,  and  took  the  trouble 
afterwards  to  go  through  the  calculations  relating  to  the  engine  which 
was  driving  his  works,  and  which  was  using  coal  at  about  the  price 
named.  He  had  no  means  of  indicating  exactly  how  much  the  engine 
was  doing,  but  it  was  one  which  indicated  40  H.P.  with  comparative 
ease.  He  found  that  this  engine,  including  depreciation,  interest, 
superintendence,  and  every  other  charge,  cost  nearly  one  penny  per 
I.H.P.  per  hour.  It  is  very  important  that  we  should  get  as  many 
figures  as  we  can  of  that  sort,  because  they  indicate  the  nature  of  the 
margin  we  have  got  to  work  against. 

I  entirely  agree  with  Mr.  Crompton  with  regard  to  this  question  of 
cheap  fuel.  I  was  in  the  middle  of  the  district  where  cheap  fuel  was 
being  used,  and,  as  a  matter  of  fact,  I  am  trustee  of  a  colliery  where 
some  of  it  is  raised,  and  I  know  perfectly  well  that  as  soon  as  the 
demand  rose,  the  prices  also  rose.  Mr.  Crompton  mentions  that  such 
fuel  depreciates  greatly  if  exposed  to  the  atmosphere.  That  is  perfectly 
true  ;  and  it  is  also  a  fact  that  if  the  fuel  is  left  in  large  heaps  exposed 
to  the  weather,  it  will  absorb  very  large  quantities  of  water,  so  that  the 
proportion  of  water  is  much  higher  than  it  would  be  under  ordinary 
circumstances.  There  is  another  cause  of  deterioration  in  collieries 
where  seams  are  thin  and  where  electric  coal-cutting  is  used,  for  here 
they  try  and  cut  into  the  measures  below  the  coal  rather  than  into  the 
coal  itself  ;  that  is  to  say,  the  lower  three  inches  under  the  coal  are  cut 
out  by  the  coal-cutter,  and,  of  course,  the  dust  produced  cannot  but  be 
mixed  largely  with  the  dust-  and  small  coal.  Therefore  I  think  manu- 
facturers in  general  feel  that  there  is  not  very  much  gain  in  using  these 
small  coals  ;  and  it  would  be  a  great  pity  to  base  any  large  schemes  on 
the  use  of  coal  at  less  than  about  6s.  a  ton,  or  probably  7s.  a  ton  as 
prices  go  at  present. 

I  was  greatly  interested  in  the  remarks  made  by  Mr.  Blount  on 
the  Mond  process,  to  which  I  have  given  much  attention.  As  a 
matter  of  fact,  Mr.  Blount  says  that  people  should  not  use  the  Mond 
process  for  raising  steam ;  but,  if  I  am  not  mistaken,  that  is  the  very 
point  which  Dr.  Mond  is  working  on  at  present.  He  is  using  it  for 
raising  steam,  and  the  figures  which  were  given  in  Mr.  Humphrey's 
paper  were  undoubtedly  very  favourable  as  to  the  prospects  of  using 
the  method  for  this  purpose.  There  is  no  doubt  that  we  cannot 
generally  rely  on  recovering  the  amount  of  ammonia  quoted  in  Mr. 
Humphrey's  paper  at  the  Institution  of  Civil  Engineers,  but  I  think 
tliat  the  whole  method  is  very  well  worthy  of  consideration,  quite 
apart  from  the  question  of  recovery.  There  is  no  doubt  that  the 
advantages  are  very  great. 
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The  President  announced  that  the  scrutineers  reported  the  follow- 
ing candidates  to  have  been  duly  elected  : — 


Members. 


Frank  H olden. 


Professor   Magnus  Maclean, 
D.Sc. 


Associate  Members. 


John  Norman  Andrews. 
Mervyn  George  Drake. 
William  Winson  Haldane  Gee. 
Wilfrid  Meryon  Harris. 
Alfred  Charles  Holtby. 
William  Owen  Horsnaill. 


William  Cranswick  Laidler. 
William  Bramley  Redgrave. 
David  Evan  Roberts. 
Sidney  John  Ross. 
Henry  Turner. 
Arthur  James  W^alker. 


Associates. 


Cornelius  Miles  Bradle3% 
Albert  Edward  Brown. 
George  Henry  Corringham. 
Reginald  T.  I.  Crampton. 
James  Edward  Cuthbertson. 
W,  C.  Dixon. 
George  E.  Etlinger. 
Evan  Evans. 
Robert  Foulds. 
Daniel  Gray. 

Arthur 


James 


James  Himter  Gray. 
Frederick  Thomas  Hall. 
William  Archbold  Hartly. 
Charles  Alexander  Henderson. 
Reginald  Archibald  Anderson 

Hooper. 
W^alter  Jenkins. 
Duncan  McDougall. 
David  Eardley  McLaren. 
Frederick  Stanley  Ransome. 
Walter. 


Students. 


John  Bentley. 

Ernest  Brown. 

Henry  Herbert  Crockford. 

Frederick  A.  Frazer. 

Harold  Griffiths. 

Thomas  Frederick  Griggs. 

E.  W.  Harris. 

Arthur  Stephens  Herbert. 

Edward  Hutchinson. 

William  Hunton. 

Henry  Erskinc 


C.  Lakin-Smith. 

W^illiam  Upsall  Lonnon. 

Bernard       de       Mounteney 
Mertens. 

Thomas  Normoyle. 

Francis  Ernest  Pring. 

Percival  James  Robinson. 

Henry  Mitchell  Upton. 

John  W^alker-Hanna. 
I        Theodore  H.  Water meyer. 
Newton  Wood. 
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The  Three  Hundred  and  Thirty-Seventh  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  25,  Great  George  Street,  Westminster, 
on  Thursday,  December  7th,  1899 — Professor  Silvanus 
P.  Thompson,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
November  23rd,  1899,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced  and  ordered  to  be  suspended. 

The  following  transfer  was  announced  as  having  been 
approved  by  the  Council : — 

Richard  Lund. 

Mr.  W.  P.  Whitehead  and  Mr.  C.  S'.  Thomson  were 
appointed  scrutineers  for  the  ballot. 

Donations  to  the  Library  were  announced  as  having 
been  received  from  Mr.  J.  McDonnell  and  Mr.  P.  Dawson, 
Member. 

The  President  :  It  is  suggested  to  me  that  I  should 
mention  that  a  meeting  is  to  be  held  on  Wednesday  night 
next  in  the  Durham  College  of  Science,  in  Newcastle-on- 
Tyne,  for  the  purpose  of  organising  a  Local  Section  of  this 
Institution  for  the  north-eastern  counties,  practically  for  the 
counties  of  Northumberland  and  Durham.  The  member- 
ship in  that  part  has  organised  the  meeting,  at  which,  in 
accordance  with  our  Articles  of  Association,  a  petition  will 
be  prepared  to  be  signed  by  those  who  wish  to  constitute 
the  new  branch.  The  petition  will  then  be  presented  to  the 
Council  of  the  Institution  which  will,  if  it  approve,  proceed 
to  acknowledge  the  existence  of  that  local  centre.  I  have 
been  asked  by  the  Council  to  go  down  to  Newcastle  on  the 
occasion.  The  Secretary  will  also  attend  officially,  and  we 
shall  be  glad  to  see  at  the  meeting  any  member  of  any  class 
of  this  Institution  who  may  be  able  to  be  present.  It  is 
most  desirable  that  it  should  be  as  widely  known  as  possible 
through  the  Institution  that  this  local  centre  is  being 
organised  in  the  north-eastern  counties. 
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We  will  now  resume  the  discussion  on  the  papers  by  Mr. 
Holliday  and  Mr.  Crompton,  but  I  will  first  call  upon  Mr. 
Crompton,  who  wishes  to  add  something  to  the  paper  he 
gave  us  last  week. 

Mr.  R.  E.  Crompton  :  In  my  paper,  I  gave  a  table  showing  actual  Mr.^  ^^^ 
results  of  using  cheap  fuel  under  water-tube  boilers.  Column  2  shows 
the  result  actually  obtained  on  a  test  which  was  carefully  carried  out 
at  Glasgow  by  the  well-known  Engine,  Boiler,  and  Employers'  Liability 
Insurance  Company,  and  which  showed  results  that  would  have  been 
good  if  there  had  not  been  passing  through  the  fire  a  great  excess  of 
air  which  so  diluted  the  products  of  combustion  that  25  per  cent,  of 
the  units  in  the  calorific  \'alue  of  the  fuel  went  up  the  chimney.  I 
showed  that  if  this  could  be  prevented  by  some  such  means  as  I 
described  in  my  paper,  the  heavy  loss  (of  25  per  cent.)  might  be 
reduced  possibly  to  12  per  cent.  Since  that  time,  by  my  wishes, 
although  I  was  not  able  to  be  present  myself,  a  very  careful  trial  has 
been  carried  out  at  Glasgow  with  the  Babcock  &  Wilcox  revolving 
grate  described  by  me,  using  the  same  class  of  coal,  although  not 
quite  identical  with  that  referred  to  in  the  second  column — I  should 
say  the  coal  was  rather  worse,  having  a  calorific  value  of  only  10,900  to 
11,000  units — and  that  result,  obtained  by  this  test,  corroborates  my 
litres  in  the  third  column  as  regards  the  heat  carried  off  in  the 
products  of  combustion  and  in  the  excess  of  air.  I  have  had  the  results 
very  carefully  prepared,  and  distributed  to-night  in  the  form  of  an 
addendum  to  my  paper.  These  figures  show  that  practically  there 
were  about  12 J  per  cent,  only  of  the  heat  units  carried  off  in  the 
waste  gases,  and  this,  I  think,  justifies  the  figures  in  my  third  column, 
where  I  gave  12  per  cent.  But  it  will  be  seen  that  I  was  too  sanguine 
in  supposing  that  I  should  be  able  to  reduce  the  losses  three  and  four 
in  my  table  which  in  my  fifth  column  I  have  got  as  low  as  about  600 
units.  In  this  last  Glasgow  trial  these  Josses  came  to  1,400  units,  or  12 
per  cent.,  instead  of  the  5  per  cent.  I  calculated  on.  Although  this  is 
so,  I  do  not  at  all  despair  of  getting  to  my  figures,  because  a  great  many 
of  the  losses  unaccounted  for  are  due  to  the  units  used  in  evaporating 
the  large  quantity  of  water  contained  in  the  fuel  in  this  trial ;  and 
further  than  that,  the  boiler  was  set  in  such  a  manner  that  the  radiation 
losses  were  considerable. 

Just  after  the  date  of  reading  my  paper  I  received  a  communication 
from  Mr.  Dickinson,  the  engineer  of  the  Leeds  station,  who  has  been 
singularly  successful  in  utilising  extremely  cheap  fuel  by  a  well  contrived 
furnace.  I  will  read  the  communication,  as  I  think  it  may  well  form  part 
of  the  discussion.  "The  Leeds  lighting  station  started  in  May,  1893,  and 
from  then  to  the  end  of  that  year  the  fuel  used  was  slack,  costing  7s.  per 
ton.  It  was  then  found  that  much  more  economical  results  were  obtained 
by  the  use  of  smudge  (a  local  name  for  the  fine  dust)  costing  only  2s. 
3d.  per  ton  delivered,  and  this  class  of  fuel  has  been  used  exclusively 
till  the  beginning  of  this  year.  During  that  period,  however,  the  price  of 
smudge  has  been  gradually  rising,  owing  to  an  increased  demand  for  it 
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in  the  iron  trade  and  also  for  coke  ovens,  brick-burning,  and  other  uses, 
and  the  price  had  increased  in  a  much  greater  ratio  than  the  price  of 
slack  had  increased.    Thus  a  quotation  received  a  few  days  ago  for 
Silkstone  smudge  was  5s.  6d.  as  against  2s.  3d.  in  1894.    At  the  begin- 
ning of  the  present  year  it  was  deemed  advisable  to  use  slack  for  the 
boilers  in  the  new  half  of  the  station,  although  smudge  is  still  used  for 
the  boilers  of  the  original  installation.    This  change  was  made  chiefly 
on  account  of  the  increase  in  the  price  of  the  smudge,  but  also  because 
the  draught  in  the  new  boilers  is  greater  than  with  the  others,  and  there 
is  a  tendency  with  the  increased  draught  for  the  smudge  coal  dust  to  be 
carried  along  without   being  consumed.      I    think    the  economy  of 
smudge  as  compared  with  slack  shows  a  saving  in  the  use  of  smudge  as 
compared  with  slack.     For  the  eight  months  from  May  to  December, 
1893,  when  slack  was  used  the  coal  bill  was  £670  with  a  500  h.p  plant, 
whereas  the  coal  bill  for  the  whole  of  1898  with  a  4,300  h.p.  plant 
(output  1,200,000  units)  was  only  ;£i,ioo."    Putting  it  another  way,  Mr. 
Dickinson  estimates  that "  the  figures  show  that  the  saving  by  the  use  of 
smudge  as  against  slack  has  been  sufficient  to  pay  for  the  cost  of  the 
boilers  which  have  been  installed.    The  coals  used  at  first  were  Silk- 
stone  smudge  and  also  Bowers  smudge,  the  latter  being  rather  more 
expensive  than  the  former.    The  calorific  value  of  these  coals,  the  slack 
and  smudge,  was  9,7667,  and  it  contained  21  per  cent  of  incombustible 
matter.    The  other,  "  B."  smudge,  contained  9428*25  units  and  23  per 
cent,  of  incombustible  matter.    As  the  price  of  these  coals  kept  ad- 
vancing other  sources  were  tested,  and  it  was  then  found  necessary  to 
use  smudge  fuel  of  a  somewhat  superior  class  having  closely  12,000 
units  and  only  having  an  average  of  10  per  cent,  of  incombustible 
matter.    All  these  coals  were  fired  under  Lancashire  boilers  by  Bennis 
sprinkler  stokers.    The  firing  was  very  even  and  thin,  only  about  two 
inches  in  depth,  and  has  been  found  to  give  the  best  results."     So  far 
everything  sounds  very  well,  but  now  we  come  to  almost  the  most  im- 
portant part  of  the  communication — to  what  I  hinted  at  in  my  paper, 
and  that  is  the  effect  of  storage  on  such  a  finely  powdered  fuel  as 
smudge.     Mr.  Dickinson  finds  that  ''  one  disadvantage  attending  the 
use  of  smudge  is  that  its  calorific  value  deteriorates  by  keeping  it  in 
stock.    This  is  proved  by  the  two  following  tests  with  '  A '  smudge : 
The  calorific  value  of  six  fresh  samples  varied  between   11,101   and 
12,532  units  ;  but  after  this  had  been  in  stock  six  months,  tests  made  in 
a  precisely  similar  manner  gave  7,735  units.    This  shows  that  a  dete- 
rioration from    12,500  to  7,700  has    taken   place    after'  six    months* 
storage,  and  after  still  longer  storage  the  deterioration  would  be  still 
greater." 

Professor  J.  Perry  :  I  think  the  Society  is  to  be  congratulated  on 
having  had  these  papers  read  before  it.  Electrical  engineers  are  people 
who  deal  with  energy  ;  they  sell  energ\',  and  to  them  questions  of 
economy  in  fuel  are  more  important  than  they  are  to  any  other  class  of 
engineers,  and  I  think  that  such  papers  as  these  ought  rather  to  be  read 
before  the  Institution  of  Electrical  Engineers  than  before  any  other 
engineering  society.  In  this  country  we  have  few  waterfalls  and  cheap 
coal,  contrasting  very  much  with  what  we  saw  in  our  summer  trip  to 
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Switzerland,  and  we  welcome  any  papers  like  these  which  give  us  Profcasor 
actual  figures.  "^' 

I  think  I  agree  with  pretty  well  all  the  remarks  that  Mr.  Crompton 
has  made  in  his  paper  on  furnaces  in  general,  and  I  hope  that  his  own 
furnace  has  a  great  future  before  it.  Our  old  theoretical  notions  are 
coming  to  the  front.  I  need  not  refer  to  the  notions  about  high 
speed,  high  pressure,  super-heating,  and  steam- jacketting.  Theoretical 
notions  as  first  published  are  usually  incomplete,  and  it  is  not  until 
there  are  attempts  to  carry  them  out  by  good  practical  engineers  who 
have  commonsense  that  everybody  gets  to  see  what  a  lot  of  force  there 
is  in  these  thermo-dynamic  notions. 

Boilers  in  general  have  been  spoken  of  durin;^  the  reading  of  the 
paper.  Well,  many  of  us  have  said  that  it  is  very  important  to  have  a  good 
combustion  chamber,  and  that  if  we  cannot  get  complete  combustion 
otherwise,  then  we  ought  to  have  a  combustion  chamber  completely 
lined  with  fire-brick.  I  notice  that  in  one  of  Mr.  Thornycroft's  latest 
patents  he  proposes  to  use  a  fire-brick  lined  combustion  chamber  with 
his  water-tube  boilers.  I  should  like  to  point  out  that  heating  surface 
by  itself  is  really  not  a  very  important  thing  in  boilers.  More  important 
than  this  is  the  smallness  of  what  the  hydraulic  engineer  calls  the 
hydraulic  mean  depth  of  the  flues ;  it  is  enormously  important  if  heat 
is  to  be  given  from  gases  to  metal,  that  the  metal  should  be  scrubbed 
with  the  gases.  The  velocity  of  the  gases  in  the  flue  is  the  most 
important  thing.  From  experiments  that  have  been  very  carefully 
carried  out,  it  is  quite  clear  that  when  the  average  velocity  in  the 
flue  is  doubled,  twice  as  much  heat  is  given  to  the  metal,  and 
when  the  velocity  is  trebled,  three  times  i\ij  heat  is  imparted  to  it. 
But  on  the  other  side  of  the  metal  the  water  has  to  take  up  the  heat 
from  the  flue.  Very  little  attention  is  really  paid  to  this,  question. 
In  the  old  days  of  low  pressures,  steam  had  small  density  :  a  pound  of 
evaporation  meant  a  great  volume.  The  result  was  that  there  was  a 
great  commotion  of  the  water,  and  a  great  deal  of  circulation,  which 
may  be  termed  natural  circulation.  In  these  days  of  high  pressures 
the  steam  is  very  dense  and  there  is  nothing  like  the  same  commotion 
of  water  per  pound  of  evaporation,  and  I  think  we  are  all  coming  round 
to  the  idea  that  we  must  have  mechanical  stirring  of  the  water  of  a 
boiler.  Much  of  the  increase  of  economy  in  recent  boilers  that  is 
ascribed  to  other  things  is  really  due  to  the  fact  that  those  other  things 
produce  more  commotion  of  the  water  and  a  better  scrubbing  of  the 
metal  surface. 

There  is  another  point  to  which  sufficient  attention  is  not  paid,  and 
that  is  the  fact  that  in  modern  boilers  for  condensing  engines  the  water 
in  the  boiler  is  airless  water.  A  great  chemist  told  me  some  little  time 
ago  that  airless  water  cannot  be  boiled.  Doubtless  there  is  great 
difficulty  in  heating  airless  water,  and  still  more  difficulty  in  boiling  it. 
But  it  can  be  boiled,  and  we  know  that  it  is  boiled  regularly.  This  is 
the  reason  why  there  is  so  much  trouble  sometimes  with  ordinary 
cylindrical  marine  boilers,  and  I  think  one  of  the  great  merits  of 
Thornycroft  was  in  his  seeing  that  not  only  must  there  be  a  rapid 
circulation  and  scrubbing  action  of  the  water  on  the  metal,  but  a 
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Professor       gurgling  scrubbing  action,  such  as  we  have  in  his  water-tube  boilers. 

Perry.  However,  I  have  published  elsewhere  my  notions  about  boilers  in 

general,  and  I  should  like  to  speak  of  some  of  the  figures  of  the  papers. 
Mr.  Holliday  has  compared  in  his  paper  the  costs  of  evaporating  with 
two  kinds  of  fuel,  bought  at  3s.  66.  and  14s.  6d.  per  ton  respectively,  giving 
both  the  cost  of  the  coal  alone  and  the  total  cost  of  evaporating  1,000 
gallons  of  water.  Mr.  Crompton  has  seen  that  it  is  very  important  to 
consider  the  load  factor,  and  he  has  taken  two  common  load  factors, 
and  has  based  his  calculations  on  these.  Mr.  Holliday  has  employed  a 
very  high  load  factor,  and  I  have  endeavoured  to  utilise  the  figures  he 
has  given  us  in  making  calculations  concerning  many  other  load  factors 
than  his.  The  method  of  calculation  that  I  have  adopted  is  com- 
municated as  an  addendum  to  my  remarks  in  the  discussion.  I  should 
like  to  make  a  comparison  between  the  numbers  I  have  worked  out 
arid  those  published  by  Mr.  Crompton,  but  unfortunalel}^  his  costs 
are  not  the  total  costs  that  Mr.  Holliday  is  speaking  of.  He  takes 
the  cost  of  coal  and  the  working  expenses,  but  I  have  accepted  Mr. 
Holliday  s  conditions  and  have  included  the  cost  of  maintenance  and 
insurance,  rates  and  taxes,  and  rent,  and  have  taken  the  price  of  coal 
under  Mr.  Holliday' s  conditions.  There  is  only  one  point  on  which  I  can 
make  a  comparison  with  Mr.  Crompton,  and  I  am  sorry  to  say  that  here 
my  figures  do  not  quite  agree  with  his,  and  I  was  tempted  not  to  take 
part  in  this  discussion  on  account  of  my  difference  from  such  a  practical 
authority  as  Mr.  Crompton,  I  might  as  well  point  out  what  the  differ- 
ence is.  You  will  see  in  the  table  on  the  last  page  of  Mr.  Crompton's 
paper  certain  figures  which  will  enable  you  at  once  to  calculate  for 
the  four  cases  the  number  of  pounds  of  coal  per  unit  used  by  him. 
With  the  17s.  5d.  coal,  the  dear  coal,  with  18  per  cent,  load  factor— 
I  take  one  of  his  load  factors  as  18  per  cent,  and  the  other  33  per  cent 
— I  find  he  takes  5-23  lbs.  of  coal  per  unit  in  the  first  case  and  5-24  lbs. 
in  the  second  case  ;  and  for  the  cheap  coal,  the  5s.  4d.  coal,  it  is  5-14  lbs. 
of  coal  in  the  first  case  and  5-17  in  the  second.  My  formula  gives 
6*57  in  the  first  case  and  4*48  in  the  second,  with  10  and  6*85  respec- 
tively for  the  cheap  coal.  I  think  Mr.  Crompton's  numbers  are  too 
nearly  equal,  but  one  must  not  criticise  figures  obtained  in  actual 
practice  at  Chelmsford.  I  think,  however,  that  my  figures  probably 
represent  the  more  usual  results  obtained  at  a  good  central  station. 
Mr.  Crompton  has  promised  to  check  my  figures,  and  we  will  go  into 
the  thing,  and  possibly  I  may  be  allowed  to  correct  these  figures  after 
Mr.  Crompton  has  gone  over  them.  [It  is  easy  to  sec  why,  assuming 
Mr.  Crompton's  station  to  work  24  hours  a  day,  I  found  his  load  factors 
to  be  18  and  33  per  cent.  In  truth,  it  was  a  workshop-power-station, 
working  in  every  case  upon  a  load  factor  of  more  than  60  per  cent.,  and 
hence  there  is  no  obvious  disagreement  between  our  figures.] 

In  the  annexed  table  are  given  the  results  which  I  have  obtained 
by  taking  the  data  given  in  Mr,  HoUiday's  paper.  The  prices  of  coal 
here  are  given  under  Mr.  HoUiday's  conditions.  For  the  load  factor 
of  10  per  cent.,  we  see  that  the  cost  per  electric  unit  with  the  cheap 
coal  is  2'5d.,  and   with  the  more  expensive   coals  it  was  2*45,  2*40, 

2*33,  2-27,  and  2-24.    That  is,  we  have  the  cost  of  the  unit,  so  far  as 
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Perry. 
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Professor       evaporation  is  concerned  (this  is  only  the  cost  of  evaporation),  diminish- 
^*^**^"  ing  as  the  price  of  the  coal  increases.    Again  taking  the  load  factor  of 

15  per  cent.,  common  in  many  electric  lighting  stations,  we  find  that  it 
seems  to  make  very  little  difference  indeed  whether  you  use  cheap  coal 
or  a  very  expensive  coal';  whereas  if  you  have  a  higher  load  factor,  say 
20  or  40  per  cent.,  it  is  more  costly  to  use  more  expensive  coal.  Still 
more  is  it  so  when  you  have  as  high  a  load  factor  as  70  per  cent. 

[Communicated]  Method  of  Calculation'. — If  we  plot  from  Mr.    • 
Holliday's  forced  draught  trials,  E  the  average  evaporation  in  pounds 
per  hour  each  month,  and  C  the  coal  in  pounds  per  hour,  we  find 
that  the  points  lie  very  exactly  in  a  straight  line  and  satisfy  the  rule 

£  =  63  C  -  207. 
There  is  much  less  consistency  in  the  natural  draught  results.    But 
in  the  spare  boiler  trials  there  is  a  wonderful  consistency,  although 
their  load  factors  were  small   compared  with  the  others;   for  these 
we  may  take  as  verv  true  the  rule 

£  =  6  C. 
I  cannot  understand  how  these  spare  boilers  can  be  so  uneconomical 
with  coal  costing  nearly  three  times  the  forced  draught  coal.  I  shall 
use  only  his  forced  and  natural  draught  results.  I  find  that  i  lb. 
of  his  steam  represents  1*055  standard  units  of  evaporation.  His 
forced  and  natural  draught  trials  were  all  at  high  load  factors.  If  I 
am  to  use  -his  results  for  various  load  factors,  large  and  small,  con- 
sidering the  usual  results  obtained  in  electric  light  central  stations,  I 
think  it  safe  to  say  that  the  following  rule  is  fairly  consistent  with 
Mr.  Holliday's  results  and  our  general  knowledge  :  if  £  is  evaporation 
in  pounds  (standard,  that  is  at  and  from  212°  F.)  per  hour,  and  C 
means  pounds  of  coal  per  hour,  the  coal  costing  c  shillings  per  ton  at 
Mr.  Holliday's  place, 

£  =  (5-38  + 0-31  c)C (I) 

I  need  hardly  say  that  this  formula,  deduced  from  Mr.  Holliday's  use 
of  3s.  6d.  and  14s.  6d.  coal,  must  not  be  applied  much  outside  his 
limits,  and  indeed  it  must  not  be  put  to  a  more  exact  use  than  the 
following  rough  generalisation. 

In  a  small  electric  light  installation,  and  especially  if  there  are  only 
two  boiler  shifts  of  men,  the  following  rule  as  to  cost  must  be  wrong. 
Nor  can  any  rule  be  easily  given  for  such  a  case.  If  we  carefully 
consider  the  conditions  of  a  well-arranged  central  station  with  three 
eight-hour  shifts  of  men  seven  days  a  w^eek,  as  the  station  is  larger 
and  larger  it  is  more  and  more  nearly  true  that  such  part  of  the 
working  expenses  as  alter  with  the  load  ought  to  be  proportional 
to  the  load.  Common  sense  tells  us  that  we  ought  to  have  some  such 
law  as — 

Cost  per  month  =  a  -\-  {a  +  fie)  C\ 
if  O  tons  of  coal  are  burnt  per  month,  c  being  the  cost  of  a  ton  of 
coal  and  a  being  proportional  to  the  first  cost  of  the  boiler  plant,  a  and 
/3  being  constants.  This  seems  to  be  borne  out  by  the  forced  draught 
trials,  for  if  working  cost  per  month  and  coals  be  plotted  we  find  points 
l5dng  very  well  in  a  straight  line.  In  the  natural  draught  trials  there  is 
no  simple  law,  and  this  is  accounted  for  by  the  fact  that  the  working 
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cost  is  not  great  in  comparison  with  the  other  costs.    On  the  whole,  Professor 
however,  it  will  be  found  that  all  the  results  of  forced  and  natural     *"^* 
draught  trials  agree  very  closely  with  the  rule, 


Total  cost  in' shillings  of  evapora-  )    __ 


tion  per  ton  of  coals  used 


::.}- 


c  +  ro6  + 


^3 


(2) 


where /is  the  load  factor.  In  any  reasoning  upon  this  subject  the  form 
of  (2)  is  important  because  it  indicates  that  much  of  the  cost  of  boiler 
plant  is  proportional,  not  to  the  greatest  evaporation  expected,  but 
rather  to  the  greatest  amount  of  coal  we  expect  to  burn. 

This  idea  is  clearly  indicated  in  the  figures  of  Mr.  Holliday's 
Table  V.  Consider  two  plants  with  the  same  load  factor,  say  60  per 
cent.,  both  capable  of  evaporating  a  maximum  amount  of  1,667  gallons 
in  any  particular  time ;  we  shall  find  if  we  divide  up  the  costs  of 
Table  V.  that  we  have 


Cost  of  Coal  per  Ton. 


14s. 


4S,  aid. 


Costs  in  Pence. 


Coal  used. 


8o-| 
37-8 


Working 
expenses. 


Maintenance,     , 
interest,  and      ; 
depreciation,  rent, 
taxes,  rates. 


If  the  numbers  in  the  fourth  column  had  been  equal,  it  would  have 
indicated  that  the  cost  of  the  boiler  plant  was  proportional  to  the 
maximum  evaporation  expected ;  whereas  we  see  that  they  are  in  the 
way  of  being  proportional  to  the  maximum  amount  of  coal  expected  to 
be  burnt. 

I  dwell  upon  this  imatter  because  it  is  not  difficult  to  show  that  if  a 
sul>stantial  part  of  the  fixed  expense  which  is  independent  of  load 
factor  is  proportional  to  the  maximum  weight  of  coal  which  may  be 
burnt,  then  with  almost  any  conditions  of  price  per  ton  and  evaporative 
power  such  as  I  state  in  (i),  my  conclusion  is  a  very  general  and  rather 
important  conclusion.  It  follows  from  (i)  and  (2)  that  to  evaporate 
1,000  gallons  of  water  from  and  at  212°  F*.  costs  in  shillings 


•83  (106  +  c  +  ^'fj 


Also  it  is  evident  that 

Cost  of  coal 


I  -f  -058  c 


Total  cost  of  evaporation 


i-o6  +  <^  +  '-^ 


(3) 


(4) 


The  following  numbers  do  not  show  a  particularly  good  economy 
in  the  engines  and  dynamos  and  distribution  system  of  an  electric 
sapply  company,  but  it  is  well  known  that  they  are  not  unusual : — 
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Professor 
Perrj'. 


Mr. 
Shoolbred. 


I  -_  J  r_-»-..  Evaporation  in  standard 

Load  factor.  ^j^  ^  electrical  unit  sold. 

•i8  71 

100  30 

We  niay  then  take  for  any  other  load  factor/, 

Pounds  of  evaporation  per  1  _         1  9 


unit  of  energy  sold  ...  ) 


lit  I  _ 


1  + 


3. 

7/ 


3'9  I  +  0058  c 


and  pounds  of  coal  per  unit 
of  energy  sold 

and  hence  from  (3) — 

Total  cost  of  evapora-  -^  (i -06  +  c  +  ^)  (i  +  ^) 


tion  in  pence  per  l_^^_.J_ 
unit  of  electrical  i  5^ 

energy  sold       ...  ' 


I  -|-  0*058  c 


(5) 
(6) 

.       (7) 


The  table  given  above  has  been  calculated  from  this". 

It  is  easy  to  see  that  whatever  be  the  law  connecting  evaporation 
and  electrical  units,  for  any  given  value  of  the  power  factor 


Koc 


ro6  -h^'^-\-c 
1^4 +^~ 


Hence  if  106  +  ^.^  =  17-4  or/=  146,  then  K  is  independent  of  the 
cost  of  coal  per  ton. 

If  106  +  ^4  >  17*4  or  /  less  than  146,  then  A'  gets  less  as  more 
expensive  coal  is  used. 

If  I -06  +  ^^  <  17-4  or  /  is  greater  than  -146,  then  K  gets  greater  as 

more  expensive  coal  is  used. 

Mr.  J.  N.  Shoolbred  :  We  must  all  be  very  thankful  to  Mr. 
Holliday  for  the  array  of  facts  which  he  has  brought  before  us,  but  the 
circumstances  under  which  the  conditions  have  been  arrived  at  should 
be  noted.  He  has  a  large  stack  of  boilers  running  the  whole  week,  and, 
practically,  with  a  mill-load,  differing  very  considerably  from  the  load 
which  we  at  present  have  in  electric  light  stations.  The  result  is  that 
he  is  working  under  almost  ideal  conditions,  such  as  we  cannot  yet 
hope  to  arrive  at. 

I  think  it  will  generally  be  found  that  forced  draught  in  circum- 
stances which  are  of  a  much  more  intermittent  character  than  those 
which  have  been  mentioned  by  Mr.  Holliday,  is  not  as  successful  as  the 
author's  rdsults  would  show.  The  principle  of  forced  draught,  in  itself, 
is  liardly  answerable  for  that,  because  the  conditions  in  which  it  is 
used  are  those  entailing  intermittent  action  and  very  considerable 
variation  in  the  temperature  of  the  pipes.  However,  the  fact  remains 
that  in  the  majority  of  circumstances  where  forced  draught  is  at  present 
introduced  for  electric  lighting  stations,  the  conditions  are  not  so  ideal 
or  so  beneficial  as  Mr.  Holliday  would  show. 

With  regard  to  the  difference  of  the  cost  of  fuels,  Mr.  Holliday 
points  out  that  the  cheaper  fuels — not  the  very  cheap  fuels,  but  the 
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cheaper  fuels — ^are  actually  more  economical  to  use  than  the  high-class  Mr. 
coals  which  are  now  so  widely  used ;  and  Mr.  Dickinson's  interesting 
figures  that  have  just  been  read  seem  to  confirm  this.  Mr.  Dickinson 
speaks  of  smudge  and  of  slack.  The  slack  in  itself  which  he  speaks  of 
at  7s.  a  ton — ^and  I  have  experience  in  the  neighbourhood  of  Leeds  of 
that  very  class  of  slack — is  really  coal ;  which,  though  small  in  itself 
and  comparatively  cheap,  has  a  relatively  high  calorific  value.  He 
refers  to  the  smudge,  where  it  descends  into  a  very  inferior  quality  of 
coal,  as  not  giving  the  same  satisfactory  results.  My  own  experience 
of  a  good  many  years,  and  with  different  qualities  of  coal,  quite  coincides 
with  that  statement ;  and  I  believe  that  it  is  possible  to  push  economy 
too  far.  By  resting  contented  with  a  coal  giving  really  fair  calorific 
results,  we  have  made  considerable  economy.  The  reason  why  these 
low-priced  coals  are  really  more  economical  is  that,  at  the  present  time, 
the  calonBc  value  of  these  coals  does  not  decrease  in  the  same  pro- 
portion as  does  their  market  value. 

Excluding  London  and  other  districts  remote  from  the  coal-bearing 
strata,  that  coal  the  rate  for  which  is  about  the  middle  of  the  range  of 
market  prices  produces  a  calorific  value  which  probably  is  75  per  cent. 
ci  that  of  the  best  coal,  and  the  results  obtained  in  using  such  a  coal 
are,  naturally,  economical.  With  regard  to  the  cheaper  qualities  of 
"smudge,"  and  the  more  inferior  fuel,  breeze,  which  Mr.  Holiiday 
refers  to,  it  is  due  largely  to  the  great  proportion  of  incombustible 
matter,  and  to  the  very  variable  quality  of  this  calorific  value,  that  these 
cheap  fuels,  especially  if  assisted  with  forced  draught,  do  not  give  the 
satisfactory  results  that  are  obtained  with  the  middle-class  coal.  I 
may  have  been  unfortunate  in  the  results  which  I  have  personally 
had  with  "  breeze " ;  but  I  find  that  many  others  are  of  a  similar 
opinion.  Namely,  that  the  economy,  supposed  to  result  from  the  use 
of  these  cheap  fuels,  and  particularly  with  breeze,  is  not  in  favour  of 
the  steam-raiser ;  but  rather  of  the  gas  people  who  wish  to  palm  off 
an  almost  worthless  article.  To  get  rid  of  it  they  are  willing  to  sacrifice 
the  other  department  that  has  the  unfortunate  duty  of  raising  steam  for 
them. 

With  regard  to  the  question  of  mechanical  stokers,  it  appears  to  me 
that  you  can  descend  too  low  in  the  scale  and  use  too  cheap  a  fuel ;  so 
cheap  that,  though  you  can  use  it  with  hand-firing,  you  are  bound,  in 
bome  cases,  to  take  a  better  and  more  expensive  coal  for  stokers  that 
are  supposed  to  be  able  to  burn  anything. 

Mr.  H.  L.  P.  Boot  :  We  are  all  indebted  to  the  authors  for  bringing   Mr.  Boot. 
this  important  matter  before  us,  and  I  have  long  regretted  the  fact  that 
we,  as  engineers,  do  not  make  public  the  actual  results  obtained  by 
the  use  of  different  fuels.    Fortunately,  I  have  been  allowed  to  experi- 
ment with  a  number  of  different  classes  of  fuel,  but  owing  to  tho 
geographical  position  of  the  town  in  which  the   experiments  were 
carried  out  they  relate  principally  to  Welsh  fuel.    The  following  tigurcs, 
obtained  with  Welsh  coalji  represent  the  cost  of  the  fuel  only  per  unit 
of  electricity  generated ; — 

Nixon's  Navigation        i;02d.  per  unit.    .  , 

Ocean  Co.'s  Wash  Nuts  and  Large    ...  -gbd. 
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Mr.  Boji.  Hood's  Merthyr  Nuts 79d.  per  unit. 

Waynes     „  „        r2d. 

Gelli,  Wash  Nuts -96^ 

Coke  at  15s.  a  ton  (which  is  the  price 

paid  there) "Sygd.        „ 

Tydraw     ...  •894d.        ,,. 

Great  Western  Colliery  Co.'s  coal      ...  -yiod.        „ 

These  results  were  obtained  under  actual  working  conditions  with  an 
8  per  cent,  factor,  the  average  price  of  a  good  class  of  coal  in  that 
particular  town  being  something  like  24s.  to  26s.  per  ton. 

It  is  interesting  to  compare  also  the  relative  costs  of  using  inferior 
fuel  and  a  better  class  of  fuel,  in  the  case  of  a  district  in  which  the  rail- 
way rate  is  high.  If  you  take  into  account  the  freight,  which,  in  many 
instances,  is  twjce  as  much  as  the  value  of  the  fuel,  you  will  see  at  once 
that  it  is  necessary  to  burn  the  very  best  class  of  fuel  possible,  so  as  not 
to  pay  too  high  a  proportion  to  the  railway  companies.  I  have  taken  * 
figures,  which  include  railway  rate,  unloading,  stoking,  getting  rid  of 
ashes,  and  the  capital  outlay  required  for  boilers,  and  find  that  when  using 
a  fuel  costing  5s.  at  the  pit's  mouth  (the  total  cost  being  i6s.  gd.  per  ton, 
which  we  should  consider  a  bad  class  of  fuel),  and  comparing  that  with 
the  best  class  of  fuel,  which  would  cost  with  us  24s.  per  ton  (that  is  to 
say,  allowing  for  a  similar  outlay  on  boilers)  owing  to  the  higher 
evaporation,  the  fact  tliat  you  have  got  to  deal  with  a  very  small 
percentage  of  ash,  and  that  very  often  one  stoker  can  do  the  work 
hitherto  requiring  two,  and  also  that  the  cost  of  unloading  is  very  much 
less,  the  railway  rate  being  the  same,  the  total  difference  working  under 
those  conditions  amounts  to  •i84d.  per  unit.  If  you  take  the  works 
cost  in  the  town  which  I  represent,  and  deduct  the  difference  between 
the  cost  of  coal  per  unit  from  the  cost  of  coal  per  unit  in  Leeds,  which 
holds  the  coal  record,  you  will  find  there  is  as  big  a  difference  in  the 
total  cost  as  'jid.  This  deduction  of  7id.  from  the  total  works  cost 
would  reduce  the  total  works  cost  to  "jyd.  per  unit  here. 

There  is  one  other  question  which  was  touched  on  at  the  last 
meeting  which  I  have  found  to  be  very  serious  indeed,  and  that  is  the 
question  of  the  deterioration  of  coal  by  storage.  Owing  to  the  longer 
period  taken  in  transit,  sea-borne  coal  compares  unfavourably  with  coal 
coming  in  wagons  from  the  colliery,  although  of  the  same  quality  when 
it  left  the  pit's  mouth.  I  have  found  after  tests  of  one  month  that 
Welsh  fuel  loses  as  much  as  25  per  cent,  of  its  value.  I  also  carried 
out  this  test  with  exactly  the  same  coal  and  under  the  same  conditions 
for  two  and  a  half  montlis,  and  with  this  particular  coal  the  loss  was 
33  per  cent,  of  the  original  value.  That  is  to  say,  had  it  been  burned 
immediately  it  was  received  I  should  have  gained  that  extra  calorific 
value.  Another  matter  which  has  not  been  touched  upon  is  the 
question  of  bad  water.  The  effect  that  bad  water  has  on  the  cost  of 
coal  per  unit  sold  is  very  serious,  and  many  towns  can  speak  from 
experience  on  this  matter.  It  was  remarked  at  the  last  meeting  that 
one  of  the  disadvantages  of  multitubular  boilers  was  the  fact  that,  if  a 
tube  gavfe  way,  you  immediately  had  to  draw  your  fi^es  and  probably^drop 
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your  pressure.  Speaking  from  considerable  experience  on  this  matter,  Mr.  Boot 
having  very  bad  water  to  deal  with,  and  using  tubular  boilers,  I  can  say 
that  such  a  course  has  not  been  necessary  in  a  single  instance.  It  is 
only  just  to  tubular  boilers  that  that  fact  should  be  known,  that 
although  a  tube  may  burst,  (unless  it  is  a  very  bad  one  indeed)  there  is 
no  need  whatever  to  draw  your  fires  before  the  boiler  can  be  spared. 
The  boiler  is  quite  capable  of  going  on  working. 

Mr.  W.  Geipel:  Not  a  few  electric  lighting  stations  are  now  face  to   Mr.  GeipcL 
face  with  the  difficulty  of  raising  more  steam  than  they  can  well  pro- 
duce with  their  existing  boilers.    We  all,  as  central  station  engineers, 
know  how  important  a  bearing  this  question  of  load  factor  has  on  the 
ultimate  results  as  to  the  coal  used  per  unit  of  energy  supplied  to  the 
mains.    The  load  factor  of  the  boilers  described  by  Mr.  Holliday  is ' 
almost  constant,  a  load  factor  which  we  have  never  in  our  experience 
been  fortunate  enough  to  come  across  in  electric  lighting  at  any  rate. 
It  may  be  that  as  our  stations  partake  more  of  the  nature  of  power 
stations  the  load  factor  will  be    more    comparable  with  what   Mr. 
Holliday  has  brought  before  us,  but  at  any  rate  at  present  we  have  got 
to  face  a  very  different  state  of  affairs.     Mr.  Holliday  says,  taking  this 
load  factor,  that  he  finds  the  cost  of  fuel  is  the  predominant  cost  in  the 
production  of  steam.    Some  of  the  speakers  in  this  discussion  have 
pointed  out  the  importance  of  other  factors  besides  the  question  of  coal. 
Professor  Perry  has  a  table  which,  as  I   understand,  shows  the  im- 
portant bearing  which  capital  outlay  has  upon  the  total  cost  of  producing 
electrical  energy.    The  number  of  boilers  which  have  to  be  put  down 
to  produce  the  steam  required  has  also  an  important  bearing  on  the 
question  of  capital  cost,  and  therefore  it  cannot  be  passed  over.    These 
boilers  that  we  are  now  discussing  are  using  forced  draught,  and  have, 
as  I  calculate  (although  it  is  not  given  in  the  paper),  about  850  square 
feet  of  heating  surface  on  the  average  for  each  boiler,  and  gave  only 
y2  lbs.  of  water  evaporated  per  pound  of  coal.  With  forced  draught  we 
get  three  to  four  times  that  quantity  of  coal,  and  what  does  that  mean  ? 
— ^that  a  good  t>oiler  will  cost  three  to  four  times  less,  if  properly 
installed  and  properly  worked,  than  the  boilers  which  are  working  at 
this   present  rate.     Then  in  the  case  of    hand-worked  boilers  Mr. 
Holliday  has  only  an  evaporation  of  4  to  4^  lbs.  per  square  foot,  and  it 
is  not  surprising  that  he  should  make  the  remark  that  he  finds  better 
results  as  he  gets  more  work  for  his  boilers  to  do.    We  want  to  force 
our  boUers  over  the  peaks  of  the  load.     Mr.  Ferranti  has  hit  the  nail  on 
the  head  when  he  says  what  we  want  is  plenty  of  steam  so  that  we  can 
keep  some  of  our  boilers  as  a  spare  over  the  heavy  load,  and  so  that  we 
can  keep  them  clean.    Mr.  Boot  has  very  rightly  referred  to  the  effect 
of  sediment  on  the  efficiency  of  the  boilers,  and  it  is  for  this  reason  that 
it  is  so  important  to  have  spare  boiler  power;  so  that  the  boilers  may  be 
cleaned.   Mr.  Holliday  has  not  had  the  difficulty,  which  we;  as  electrical 
engineers,  have  to  face,  of  raising  steam  every  day,  probably  for  two- or  • 
three  hours,  from  the  majority  of  boilers.    That- we  know  is  a  vety 
serious  difficulty,  and  it  is  just  there  where  the  Babcock&WilcoXr  or 
other  water-tube  boilers,  come  in.    It  may  be  that  thfe  watef4ube  boiler 
15  less  efficient  with  some  classes  of  coal  if*you  take  itfota-twenty-foui' 
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Mr.  Gcip^i.,  hours  load  where  the  question  of  raising  steam  is  not  one  of  importance. 
But  where  you  have  to  produce  steam  for  two  or  three  hours'  use,  this 
question  of  steam-raising  is  most  important. 

It  has  been  acknowledged,  as  is  well  known,  that  Lancashire  boilers 
are  very  costly  and  wasteful  in  this  respect.  Mr.  Mountain  in  his  paper 
(I  think  it  was  before  the  Northern  Society  some  years  ago)  states  that 
for  hours  after  steam  has  been  raised  the  boiler  is  cold  at  the  bottom, 
showing  that  the  water  has  not  attained  to  the  proper  evaporating  point 
throughout  the  boiler.  Professor  Perry  pointed  out  the  importance  in 
high-pressure  working  of  the  water  being  thoroughly  and  regularly 
heated  throughout  the  boiler,  and  to  ensure  that  he  suggested  me- 
chanical circulation.  I  am  quite  sure  that  this  would  have  very  beneficial 
results,  but  there  is  another  and  very  simple  means,  which  my  firm 


Fig.  A.—Boiler  with  Circulating  Rib. 

uses,  in  actual  practice,  to  obtain  the  same  result.  By  attaching  to  the 
bottom  of  the  flue  of  the  Lancashire  boiler  a  thick  rib  of  iron  (Fig.  A) 
we  induce  a  circulation  by  means  of  the  thermal  conductivity  of  the 
iron.  It  is  well  known  that  water  alone  will  not  transmit  heat  down- 
wards except  at  a  very  low  rate.  But  by  attaching  the  iron  rib  under- 
neath the  fire,  and  underneath  the  flue,  the  heat  is  carried  down  to  the 
bottom  and  causes  the  heating  of  the  water  there,  thus  inducing  a  cir- 
culation in  the  direction  shown  by  the  arrows  in  the  figure.  This  may 
appear  to  be  a  somewhat  theoretical  proposal,  but  the  curve  in  Fig.  B 
shows  the  actual  result  of  applying  this  system.  The  curve  is  certainly 
taken  from  laboratory  tests,  but  I  wish  you  clearly  to  understand  that 
we  have  found  the  tests  to  be  quite  borne  out  in  practice.  The  curve 
i6  drawn  from  a  test  made  without  the  rib,  simply  taking  the  bottom  of 
the  boiler  and  heating  the  water  downwards,  and  shows  the  rising  tem- 
perature at  intervals, of  one  minute,  or  of  five  minutes.  Without  the 
rib. the  temperature  rises  at  the  bottom  of  the  water. in  twenty-five 
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minutes  by  something  like  25°  F.  Then  having  exactly  the  same  con- 
ditions in  every  way,  except  that  a  rib  of  iron  is  put  at  the  bottom  of 
the  water,  an  increase  of  temperature  of  115°  F.  is  found  in  the  same 
period,  which  is  about  four  or  five  times  the  increase  of  temperature 
obtained  without  the  rib.  The  arrangement  is  very  simply  applied, 
as  it  is  simply  a  "  T "  iron  riveted  on  the  bottom  of  the  boiler.  You 
can  make  it  as  short  as  you  like  to  facilitate  cleansing,  but  once  start 
the  circulation  in  the  bottom  of  the  boiler  and  it  is  extraordinary  how 
it  draws  the  water  to  it. 


Mr.  Geipd. 
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Fig.  B. 


In  speaking  of  inferior  fuels,  I  may  mention  that  we  have  recently 
had  experience  with  the  use  of  inferior  fuel  as  compared  with  good 
fuel  in  the  same  town,  viz.,  Chatham,  where  we  have  two  stations  run- 
ning, one  being  a  very  small  one  and  using  inferior  coal  with  forced 
draught,  the  other  being  a  large  station  using  a  better  coal  on  account 
of  the  smoke  difficulty.  Here  we  confirm  very  much  what  Mr.  Boot 
has  stated ;  we  have  075  of  the  cost  per  unit  with  inferior  coal 
against  about  double  that  cost  with  the  Welsh  coal. 

Mr.  Crompton  has  spoken  of  the  difficulty  of  coking  stokers.     I 
agree  with  Mr.  Crompton  entirely  that  coking  stokers  are  not  suited  for 
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itr.Gcipe!.  all  cjpal,  Owing  to  the  difficulty  of  keeping  the  grate  properly  covered 
and  free  from  air  spaces.  But  that  difficulty  I  have  never  seen  yet 
with  a  properly  arranged  spreading  stoker.  With  spreading  stokers 
the  fire  is  fairly  level  throughout,  and  the  clinker,  which  Mr. 
Crompton  referred  to  as  being  a  difficulty,  is  very  much  reduced  as 
compared  with  what  one  has  in  hand-firing ;  what  clinker  there  is  is 
passed  over  the  end  of  the  fire-bars,  and  there  is  very  little  trouble 
indeed  with  this  form  of  stoking.  There  are  various  kinds  of  spreading 
stoker ;  those  I  have  seen  mostly  in  use  being  Bennis  stokers. 

I  quite  agree  with  Mr.  Crompton  that  it  is  most  important  that  the 
proper  proportion  of  heating  suiiace  and  grate  area  should  be  arranged 
according  to  the  fuel,  draught,  and  other  circumstances,  but  I  do  not 
quite  agree  with  the  system  of  putting  the  coal  outside  the  boiler. 
Wherever  you  have  heat  you  are  bound  to  have  conduction  and  radia- 
tion, and  if  you  can  get  your  furnace  surrounded  by  water  it  is  very 
much  better.  I  have  lately  had  an  opportunity  of  seeing  how  they 
tackled  this  question  at  Frankfort.  They  had  a  large  tubular  boiler 
much  like  a  Cornish  boiler,  but  the  furnace  itself  was  enormously 
increased  in  size  by  a  particular  arrangement  of  the  boiler  which  kept 
the  whole  of  the  fire  inside  of  the  boiler  and  surrounded  by  water. 

In  conclusion,  I  would  point  out  an  interesting  coincidence  in 
Table  V.  at  the  end  of  Mr.  Holliday's  paper.  Depreciation  is  calculated 
at  5  per  cent,  per  annum  on  the  cost  of  the  boiler.  The  amount  set 
aside  forms  5  per  cent  of  the  total  yearly  working  costs,  and  that 
amounts  to  5d.  per  thousand  gallons. 
Mr.Lawson.  Mr.  A.  J.  Lawson  :  I  think  that  we  are  all  indebted  to  Mr. 
Crompton  for  the  very  valuable  suggestions  he  brings  before  us  from 
time  to  time.  I  remember  some  years  ago,  when  passing  through  London 
on  my  way  from  the  extreme  West  to  the  extreme  East,  Mr.  Crompton 
pointed  out  to  me  that  coal  at  one  of  the  London  stations,  a  continuous- 
current  station,  was  used  at  the  rate  of  from  6  lbs.  to  7  lbs.  per  unit 
sold,  whereas  at  some  of  the  other  stations  in  London  at  that  time  from 
12  lbs.  to  13  lbs.  were  consumed.  Subsequent  reports  and  analyses  of 
reports  have  shown  that  he  was  quite  right.  Some  years  ago  we  had  from 
him  a  paper  in  which  he  suggested  3d.  per  unit  as  the  cost  of  electricity,  and 
many  of  us,  having  then  to  deal  with  the  older  stations,  were  very  much 
frightened  at  the  figure  he  quoted.  But  since  that  time  provisional  orders 
and  bills  have  been  passed  through  Parliament,  in  which  we  have  as  a 
maximum  for  the  supply  of  power  during  the  day  a  price  not  exceeding 
3d.  per  unit  for  the  first  hour  and  •825d.  for  every  subsequent  hour,  or 
an  average  for  an  eight-hour  working  day  of  id.  per  unit.  Mr. 
Crompton  has  done  well  in  bringing  before  us  this  question  of  tho 
influence  of  cheap  fuel  upon  the  cost  of  production,  so  that  we  may 
see  how  to  be  able  to  produce  electricity  at  that  figure  and  to  make 
it  pay. 

Respecting  his  remarks  at  page  66  of  his  paper,  I  can  confirm  from  a 
long  experience  his  statements  as  to  the  difficulties  arising  from  the 
adhesion  of  clinker  to  the  brickwork,  which  is  always  considerably 
damaged  in  the  operation  of  removal  of  tlie  clinker,  and  as  a  rule 
lasts  but  a  very  short  time.     My  experience  suggests,  with  regard 
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to  doublc-furn&ce  boilers,  especially  of  the  Babcock  &  Wilcox  type,  Mr.  Lawson. 
that  we  should  never  put  double  arches  over  the  deadplates,  but  always 
a  single  arch,  and  have  between  the  two  doors  a  dividing  wall — 
not  a  supporting  wall,  because  such  a  wall,  being  fired  on  both  sides, 
is  always  rapidly  eaten  into  and  broken  away  by  the  clinker  and 
heating,  and  breaks  down  the  arch.  The  cost  of  re-lining  a  single  arch 
furnace  is  much  less  than  half  that  of  re-lining  a  double  arch. 

Xow  as  to  relative  costs.  Taking  stations  in  which  Welsh  coal  is 
burned  under  boilers,  but  similar  in  all  respects  to  other  stations  in 
which  North  Country  rough  small  coal  automatically  stoked  is  used,  I 
have  found  the  cost  of  repairs  in  the  former  case  to  work  out  at  about 
•033d.  per  unit,  while  the  cost  in  the  latter  was  "isod.,  or  four  and  a 
half  times  as  much  as  in  the  former  case,  taking  the  average  of  two 
stations  of  each  kind  for  two  years.  W^e  must  also  take  into  account 
the  greater  quantity  of  ash  and  clinker  to  be  removed,  and  this  quantity 
will  be  found  to  be  from  two  to  three  times  greater  in  the  case  of  the 
small  bituminous  coal  than  in  the  case  of  Welsh  coal.  As  a  set-off, 
however,  we  have  in  London  and  the  South  generally  to  pay  at  least 
50  per  cent,  more  for  Welsh  coal,  and  also  more  for  handling  and 
storing,  as  well  as  more  in  stokers'  wages,  while  the  evaporating  value 
is  only  25  per  cent,  greater  than  that  of  the  North  Country  coal  which 
has  been  mentioned.  At  the  present  time  on  contracts.  North  Country 
rough  small  coal  waterborne  is  obtainable  in  London  alongside  at  12s. 
per  ton,  whereas  the  best  Welsh,  also  waterborne,  will  cost  20s.  It 
will  cost  undoubtedly  more  at  present,  but  I  assume  that  contracts 
have  been  placed  in  the  early  part  of  the  year.  If  we  use  South 
Hetton  or  Harton  rough  small,  with  good  automatic  stoking,  and  take 
into  account  the  economisers,  we  shall  get  an  ordinary  evaporation  of 
8  lbs.  of  water,  actual,  per  lb.  of  coal,  while  Welsh  coal  will  evaporate 
10  lbs.,  taking  the  economiser  into  account.  But,  however  important 
it  may  be  to  use  cheap  fuel,  it  is  very  much  more  important  to 
use  an  economical  engine.  Taking  steam  consumption  from  20  lbs. 
per  I.H.P.  downwards,  and  the  over-all  efficiency  of  engine  and  direct- 
coupled  dynamo  or  alternator  at  about  80  per  cent.,  or  say  600  watts 
delivered  at  the  terminals  of  an  alternator  for  every  I.H.P.  of  the 
engine,  assuming  no  other  losses  such  as  steam  required  for  auxiliary 
engines  and  pumps  or  radiation,  then  if  H.P.  hours  are  required  to 
produce  a  unit  of  electricity.  The  accompanying  tables  show  that  for 
an  engine  taking  18  lbs.  of  steam  per  I.H.P.  per  hour  the  cost  will 
be  id.,  or  rather  '20 id.  per  unit  generated,  when  using  coal  at  los. 
per  ton.  With  coal  at  12s.,  the  engine  should,  for  equal  fuel-cost, 
be  such  as  not  to  consume  more  than  15  lbs.  per  I.H.P.  With  coal 
costing  14s.  per  ton  delivered,  the  engine  should  not  consume  quite 
13  lbs.  per  I.H.P.  These  figures  relate  to  North  Country  coal.  With 
Welsh  coal  costing  14s.  per  ton,  evaporating  10  lbs.  of  water  per  pound  of 
coal  Used,  to  obtain  the  same  results  the  engine  should  not  tonsume 
more  than  i6  lbs.  of  steam,  as  against  18  lbs.  of  steam  for  the  los.  North 
Country  coal. 

Some  speakers  have  dwelt  on  the  very  much  greater  area  required 
for  the  burning  of  North  Country  coal,  and  on  the  much  less  work  to  be 
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Mr.Lawson.    CoST   OF    FCEL    PER 

8  LBS.  OF  Water 


B.T.   Unit  Generated,  with   Coal  Evaporating 
PER  Pound  of  Coal,  the  Ton  of  Coal  Costing 
Delivered — 


Pounds  of 
Steam  per 
I.H.P.  hour. 

10/- 

12./- 

1«/- 

1ft- 

18,'- 

20 

•223 

•268 

•312 

•357 

■402 

19 

•212 

•255 

•296 

•339 

•382 

l8 

•201 

•241 

•281 

■321 

•362 

17         1           -IQO 

1 

•228 

-.65 

•303 

•342 

i6 

•178 

•214 

•250 

•286 

•322 

15 

•167 

•201 

•234 

•268 

•301 

14       ]         -156 

•188 

•218 

•250 

•281 

13 

•145 

•174 

•203 

•232 

•261 

12 

•134 

•i6i 

•187 

•214 

•241 

II 

•123 

•147 

•172 

•196 

•221 

10 

•112 

•134 

•156 

•179 

•201 

For  Coal  costing  :  5/-, 

Cost  of  Fuel   per 
10  LBS.  of  Water 


6/-,  7h 

take  half  of  above  figures. 


8/-, 


9/-, 


B.T.   Unit   Generated  with   Coal  Evaporating 
PER  Pound  of  Coal,  the  Ton  Costing  Delivered — 


Pounds  of 
Steam  per 
I.H.P.  hour. 

1«/- 

20 

•250 

19 

•237 

18 

•225 

17 

.212 

16 

•200 

15 

•187 

14 

•175 

13 

•162 

12 

•150 

II 

•137 

10 

•125 

16/- 

•286 
•272 
•257 
•243 
•229 
•215 
■200 
•186 
•172 
•157 
•143 


18/- 


•321 
■305 
•289 

•273 
•257 
•241 
•225 
•209 
192 

•177 
•161 


ao/- 


•357 
•339 
•321 
.303 
•286 
•268 
•250 
•232 
•214 
196 
•178 


•393 
•373 
•354 
•334 
•314 
•29s 

•275 
•255 
•236 
•216 
•196 


•429 
•408 
•387 
•365 
•343 
.322 

•300 
•279 

•257 
•236 

•215 


For  Coal  costing  :  7/-, 


8/-,  9/-,  10/-, 

take  half  of  above  figures. 


11/-,  12/-, 
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got  out  of  boilers  in  consequence  of  its  use.  I  have  not  found  that  Mr.  Lawson. 
to  be  the  case.  Taking  Babcock  &  Wilcox  boilers  rated  at  about 
5,700,  or  roughly  6,000  lbs,  of  water  per  hour,  using  small  coal, 
we  have  been  able  to  get  on  long-continued  runs  an  evaporation  of 
from  7,500  lbs.  to  8,000  lbs.  In  any  station  where  the  load  has  to  be 
run  up  rapidly  it  is  impossible  to  find  a  better  boiler  than  the  water- 
tube  boiler,  for  a  full  head  of  steam  can  with  ease  be  got  up  from 
a  cold  boiler  in  three-quarters  of  an  hour.  To  do  this  safely  with 
the  Lancashire  type  of  boiler,  at  the  very  least  twenty-four  hours 
will  be  necessary.  I  do  not  know  what  may  be  done  with  such 
boilers  as  the  '  Economic '  made  by  Davy  Paxman,  but  probably  a  great 
deal  better.  I  have  had  some  experience  of  them,  but  I  have  not  the 
figures  before  me  at  the  moment  to  say  what  can  be  done. 

Professor  R.  H.  Smith  :  Professor  Perry  says  that  the  question  of  5?!?* 
economy  is  of  special  importance  to  electrical  engineers  as  they  have 
to  deal  with  the  production  of  energy ;  but  I  think  that  is  hardly  a  good 
reason,  for  every  class  of  engineer,  every  kind  of  mechanical  engineer  at 
any  rate,  has  also  to  do  with  the  generation  of  energy*,  and  in  fact  every 
problem  in  engineering,  civil,  mechanical,  electrical,  mining,  and  every 
other  kind  of  engineering,  is  equally  concerned  with  questions  of 
economy.  Economy  is  of  as  great  importance  in  the  one  department  of 
engineering  as  in  the  other,  at  least  normally.  The  questions  of  saving 
of  expense  in  fuel  and  in  some  other  directions,  have  appeared  to  be  of 
greater  importance  in  electrical  engineering  than  in  some  other  classes 
of  engineering,  because  there  is  less  margin  for  profit  in  the  operations 
of  electrical  engineering  than  in  many  of  the  others.  There  are  natural 
disabilities  in  several  departments  of  electrical  engineering  that  tell 
against  it  in  competition  with  other  kinds  of  engineering,  and  this 
compels  electrical  engineers  to  pay  more  attention  to  saving  with  regard 
to  fuel. 

Mr.  Holliday's  paper,  I  think,  does  not  go  in  the  direction   Mr. 

Shoolbred  suggests  of  greatly  favouring  very  cheap  fuels,  but  rather,  as 

it  appears  to  me,  the  contrary.     He  makes  two  or  three  points  on 

page  42  against  cheap  coals  which  I  think  are  important,  for  instance 

the  enlargement  of  either  the  size  or  the  number  of  the  boilers.    Given 

the  horse-power,  cheap  coal  is  the  most  important  point.    Then  again, 

the  extra  amount  of  refuse  to  be  got  rid  of,  the  expense  of  that  is 

another  very  important  point  which  tells  against  cheap  fuels ;  and  the 

extra  storage  and  space  for  fuel  is  again  important.    I  am  doubtful  as 

to  the  truth  of  what  he  says  with  regard  to  the  extra  high  temperature 

that  is  necessary  in  the  chimney  gases  with  cheap  fuels.     He  says 

forced  draught  necessitates  a  higher  temperature  in  the  chimney  gases. 

Of  course  it  is  a  generally  known  fact  that  chimney  temperature  is 

higher  with  forced  draught  than  without  it,  but  I  have  never  found  any 

reason  for  believing  that  it  is  a  necessity  of  the  case.    If  forced  draught 

were  more  intelligently  applied,  if  the  arrangements  in  connection  with 

it  were  better  thought  out,  we  might  have  a  lower  temperature  at  the  base 

of  our  chimneys  than  without  it.    With  forced  draught,  I  have  sent  my 

flue  gases  into  the  base  of  the  chimney  considerably  cooler  than  the 

steam  inside  the  boiler.    I  do  not  boast  of  that  as  a  result  to  be  desired, 
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but  it  shows  there  is  a  possibility  of  getting  practically  all  the  heat  that 
can  be  theoretically  obtained  from  the  hot  gases  before  they  go  into 
the  chimney. 

There  is  another  point  in  Mr.  HoUiday's  paper  which  is  worth 
noticing,  namely,  that  his  results  are  somewhat  affected  by  the  large 
amount  of  feed-heating  used,  the  feed-water  being  heated  up  to 
240**  F.  by  the  exhaust  steam  of  the  feed-water  engines.  These  feed- 
pumps, of  course,  are  ordinarily  frightful  steam  users.  So  long  as 
they  are  used  in  the  form  which  is  common,  it  is  well  to  employ  exhaust 
steam  in  heating  the  feed.  But  this  shows  not  only  merit  in  the  whole 
installation  referred  to  here,  but  simply  the  frightful  waste  of  steam 
used  in  the  feed-pumps.  He  says  in  another  place  that  the  use  of  this 
exhaust  steam  for  feed-heating  saves  about  i^^  per  cent,  of  fuel ;  which  is 
simply  another  way  of  putting  this  fact,  that  the  waste  of  steam  in  these 
feed-pumps  is  most  extravagant. 

With  regard  to  Mr.  Crompton's  paper,  I  agree  with  him  in  recom- 
mending fire-brick  lined  furnaces  when  one  aims  at  very  high  economy*, 
and  particularly  in  his  insistance  upon  the  diminishing  of  the  quantity 
of  excess  air  introduced  into  the  furnace.  That  operates  in  two  ways, 
directly  in  reducing  the  percentage  of  heat  wasted  by  the  discharge 
into  the  chimney,  and  again  in  making  it  more  easy  to  get  a  much 
greater  perfection  of  combustion  in  your  furnace — which  is  important, 
not  only  with  low-class  fuels,  but  particularly  so  with  all  kinds  of 
mechanical  stoking. 

Mr.  F.  J.  Appleby  :  I  am  surprised  to  find  in  Mr.  Crompton's 
interesting  paper  no  reference  to  what  may  be  called  the  latest  system 
of  utilising  cheap  fuel,  I  think  it  is  one  well  suited  to  the  fuel  of  the 
third  class — that  is  to  say,  the  small  and  earthy  bituminous  coals  of  the 
North.  The  system  combines  efficiency  with  economy.  I  refer  to  the 
use  of  powdered  coal  which,  since  the  time  of  Mr.  T.  R.  Crampton  in 
1873,  seems  to  have  been  left  alone  until  1892,  when  it  was  again 
taken  up  in  Germany,  and  has  reached  its  highest  development  there. 
The  powdered  coal  used  in  the  present  apparatus  differs  from  coal  dust 
in  that  it  must  be  reduced  to  such  a  state  that  there  is  only  about 
3  per  cent,  residuum  left  on  a  test  sieve  of  7,000  holes  to  the  square 
inch.  Of  course  tliat  requires  very  different  handling  from  coal 
dust,  which  would  perhaps  all  pass  through  900  holes  to  the  square  inch. 
To  ensure  the  success  of  the  system  three  essentials  must  be  attended 
to  :  (i)  A  perfect  mill  to  reduce  the  coal  to  this  highly  powdered  state 
with  absolute  uniformity  and  without  sieving.  This  has  hitherto  been  a 
cause  of  trouble  in  Germany^,  but  there  is  now  a  mill  in  England  which 
fulfils  the  required  conditions ;  (2)  the  firing  apparatus  must  be  sach 
that  the  coal  is  passed  in  an  unbroken  stream  into  the  combustion 
chamber,  and  it  must  be  so  arranged  as  to  be  held  in  suspension  in  the 
air.  current  imtil  perfect  combustion  ensues  ;  and  (3)  therie  must  be  an 
arrangement  for  the  continuous  maintenance  of  a  high  temperature  -rn 
the  [Combustion  chamber.  That  is  provided  for  by  lining  the  furnace  for 
the  first  10  feet  with  fire-brick  in  the  manner  to  which  several  speakers 
have  alluded.  When  these  conditions  are  fulfilled  the  highest  percentage 
of  ash  is  no  hindrance  to  the  use  of  the  system  ;  indeed,  in  one  works 
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in  Germany  they  are  using  coal  with  as  high  as  45  per  cent,  of  ash.  Mr. 
The  Magdeburg  Society  of  Steam  Boiler  Users  reported  oir  tests  ^^^  ^' 
made  with  this  system  an  efficiency  of  83  per  cent,  when  an  earthy 
lignite  was  used  as  fuel.  Again,  a  four  days'  test  of  the  Berlin 
Association  of  Steam  Users  with  this  system  (in  which  no  grate  is 
required)  showed  from  18  to  23  per  cent,  of  superiority  over  ordinary 
hand-firing  with  grates.  A  sugar  refinery  in  Austria  reports  that  they 
now  save  on  their  fuel  bill  22  per  cent.  The  sj-stem  is  considered  by 
Mr.  Schneider  to  be  especially  suited  for  large  electric  stations,  owing 
to  the  latitude  it  affords  for  adapting  itself  to  sudden  requirements. 
With  average  care  it  ensures  a  perfect  absence  of  smoke.  The  quantity 
of  slag  formed  is  very  small,  and  only  needs  to  be  removed  once  in 
twenty-four  hours.  Considering  the  high  price  of  Welsh  coal,  and 
seeing  that  you  only  have  to  pay  los.  or  12s.  a  ton  for  good  small 
coal,  and  that  the  pulverisation  of  the  coal  costs  only  is.  or  is.  3d.  per 
ton  (in  some  places  it  is  as  low  as  lod.  per  ton),  I  think  the  system  is 
worthy  the  attention  of  all  engineers  associated  with  large  steam  plants. 
In  an  installation  now  erecting  in  the  north  of  England  400  tons  of  coal 
are  to  be  pulverised  in  every  twenty-four  hours,  and  they  expect  to  sell 
the  coal  powder  at  5s.  a  ton.  But  w*hcn  the  conditions  of  space  allow 
there  is  no  reason  why  each  station  should  not  do  its  own  grinding. 

Mr.  Bryan  Doxkix  [communicaied']  :  Mr.  Holliday's  paper  I  consider  Mr.  Donkin. 
very  interesting.  The  utilisation  of  cheap  and  small  class  fuels  is,  in  my 
opinion,  most  important,  but  generally  boiler  grates  have  not  sufficient 
area.  I  would  suggest  for  the  consideration  of  the  Council  of  your 
Institution  the  appointment  of  a  special  Boiler  and  Fuel  Committee  to 
consider  the  following :  The  proposal  to  send  out  to  many  of  the 
electrical  stations  in  Great  Britain  blank  forms  for  the  chief  engineers 
to  fill  in,  so  as  to  collect  accurate  information  to  put  before  the  whole 
of  your  members.  The  names  of  the  stations,  when  wished,  could  be 
withheld.  The  great  point  is  to  arrive  at  the  boiler  efficiency  at  the 
\'arious  stations.  The  heating  value  of  the  fuel  and  its  approximate 
size  should  be  alTV'ays  given,  as  also  the  type  of  boiler  and  grate, 
and  the  feed-water  should  be  measured  either  by  the  best  type  of 
piston  water  meter  or  in  tanks.  The  cost  of  the  evaporation  per  1,000 
gallons  and  the  cost  per  ton  of  fuel  delivered  in  the  stokehole  should 
be  added.  The  heating  value  of  the  fuel,  if  many  samples  had  to 
be  tested,  could  be  ascertained  more  cheaply  than  usual,  perhaps  at 
5s.  to  6s.  per  sample.  The  analysis  of  the  boiler  gases  is  also  most 
important  to  calculate  the  excess  of  air,  and  no  boiler  experiment  is 
complete  without  it.  Often  loo  or  even  200  per  cent,  excess  of  air  and 
more  is  found.  A  gas  analysis  of  thia  kind  may  frighten  even  some  of 
the  electrical  engineers,  but  there  is  no  doubt  that  the  expenses  would 
soon  be  covered  by. the  saving  effected  in  reducing  the  excess  of 
air  to  a  reasonable  amount.  The  smoke  question  should,  if  possible, 
also  be  dealt  with,  and  observations  should  be  made  every  minute 
by  means  of  the  lave  smoke  scale  diagrams,  as  described  in  some 
articles  of  mine  in  the  Engineer  lately.  The  method  of  stoking 
should  also  be  added,  and  whether  by  hand  or  by  mechanical  means. 
I  may  mention  that  here  in  Bermondsey,  with  our  Lancashire  boiler, 
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Mr.  Donkin.  it  now  costs  US  with  small  coal,  in  pieces  from  Vir  to  i  of  an  inch 
and  dust,  about  six  shillings  to  evaporate  i,ooo  gallons  of  water  from 
fairly  cold  feed  (about  60°  to  70"  Fahr.).  In  a  general  way  it  is  im- 
portant to  point  out  that  fuel  should  not  be  bought  by  the  ton  weight, 
but  by  ton  of  water  evaporated.  This  method  works  well  in  some 
places,  but  the  contractor  and  the  engineer  must  of  course  give  them- 
selves a  little  trouble.  Dirt,  ashes,  and  clinkers  will  soon  diminish 
if  the  contractor  is  paid  by  the  water  evaporated,  and  has  to  pay  for 
carting  all  the  incombustible  matter  away.  Fuel  is  now  bought  with 
an  unknown  quantity  of  dirt  and  incombustible  matter  in  it,  and 
engineers  should  specify  that  the .  latter  should  not  exceed  a  minimum 
percentage  of  the  total  fuel.  I  am  of  opinion  that  the  way  in  which 
we  now  buy  fuel  is  extremely  primitive,  and  just  the  same  as  the  method 
in  use  one  hundred  years  ago  or  more.  No  limit  is  set  to  the  percentage 
of  dirt,  the  size  of  the  pieces,  or  the  heating  value  of  the  fuel.  To  adopt 
the  proposed  system  would  cause  no  real  practical  difficulty,  although 
it  may  be  considered  by  some  to  be  purely  theoretical.  As  an  example, 
all  this  is  much  better  done  on  the  Continent.  The  Belgian  Govern- 
'  ment,  who  purchase  large  quantities  of  coal  for  all  their  railways,  have 
tests  continually  going  on,  which  I  have  seen,  and  they  answer  admir- 
ably. A  systematic  Central  Testing  Station  has  been  working  for  many 
years,  and  the  experiments  determine  if  the  guaranteed  heating  value 
of  the  fuel,  its  size  and  the  percentage  of  dirt,  are  according  to  contract. 
The  coal  or  fuel  is  refused  if  the  result  of  the  test  is  not  within  the  limits 
of  the  specified  guarantees.  More  system  and  method  are  wanted.  Coal 
is  of  course  bought  for  the  heat  it  contains,  and  not  for  its  weight  only: — 
so  many  "  thermal  units  per  pound  "  with  a  price  per  ton,  say.  The  whole 
method  of  buying  fuel  is,  in  my  opinion,  wrong  and  founded  on  a 
false  basis,  and  reforms  are  sadly  needed.  Difficulties,  troubles,  and 
opposition  are  of  course  to  be  expected,  but  there  is  great  need  for 
better  methods  on  a  standard  basis.  As  Mr.  Crompton  has  carefully 
pointed  out  in  his  paper,  the  fuel  is  the  greatest  item  of  expenditure  in 
electrical  stations.  The  evaporation  by  the  many  forms  of  the  cheapest 
possible  fuels  in  different  localities  should  be  given  by  stating  the  cost 
consumption  per  1,000  gallons  evaporated,  and  no  doubt  there  is  a  large 
quantity  of  "  slack,"  various  dusts,  coke  small  and  large,  small  coal, 
briquettes,  etc.,  that  could  be  usefully  burnt  and  at  low  cost.  As  these 
low-class  fuels  produce  a  large  amount  of  clinker  and  incombiistible 
matter,  arrangements  should  be  made  to  feed  the  fuel  on  the  grate 
automatically,  and  especially  to  remove  the  clinker  and  ash  in  the  same 
way.  The  smaller  the  fuel  and  the  greater  the  amount  of  dirt  in  it,  the 
larger  the  percentage  of  clinker  and  ash  as  compared  with  ordinary  fuels. 
I  quite  agree  with  Mr.  Crompton's  excellent  remarks  on  page  66  of 
his  paper,  that  in  modern  boiler  shops  the  fuel,  ashes,  and  clinkers  should 
not  be  touched  by  the  stokers.  The  whole  method  of  bringing  it  from 
the  yard  to  the  grates  and  taking  away  the  refuse  should  be  automatic  ; 
and  to  do  this  properly  with  cheap  fuel  would  necessitate  large  grates 
and  probably  external  furnaces. 
Mr.  Mr.  W.  HusKissoN  [communicated']  :  As  having  a  direct  bearing 
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may  be  of  interest  of  an  arrangement  designed  to  enable  cheap  and 
inferior  fuels  to  be  burnt  smokelessly  in  water-tube  boilers.  The 
arrangement  was  perfected  after  about  fifty  full-power  trials  of  six  to 
eight  hours'  duration. 

In  the  ordinary  arrangement  of  water-tube  boilers  of  having  the  tubes 
directly  over  the  grate,  the  gases  rise  vertically  off  the  fuel  and  strike 
the  cold  tubes.  Owing  to  inequalities  of  the  bed  of  fuel  and  (generally) 
an  absence  of  mixing  devices,  the  combustion  is  imperfect  until  the 
gases  mix  in  the  uptake,  where  active  combustion  takes  place,  provided 
the  gases  are  at  a  sufiiciently  high  temperature — if  not,  they  pass  off  as 
smoke. 

To  remedy  this,  baffle  tubes  are  laid  on  to  the  top  of  the  second  row 
of  water  tubes  nearest  the  fire,  one  end  butting  against  the  headers,  the 
other  ending  against  the  top  of  an  inclined  concave  bridge,  the  concave 
part  being  inclined  towards  the  fire,  while  it  is  supported  by  being 
arched  below,  the  centre  of  the  concave  bridge  lying  in  front  of  it,  while 
the  centre  of  the  supporting  arch  lies  at  the  back  of  it.  The  bridge 
springs  off  the  sides  of  the  furnace  and  is  hollow,  and  the  concave  part 
of  it  is  pierced  by  holes  communicating  with  the  hollow  part  through 
which  hot  air  is  forced,  while  a  combustion  chamber  is  formed  at  the 
back  of  the  bridge. 

The  action  is  as  follows  : — The  stoker  always  keeps  incandescent 
fuel  at  the  back  of  the  grate  and  puts  on  green  fuel  at  the  front.  The 
gases  evolved  from  this  fresh  fuel  pass  over  the  hot  incandescent  fuel 
at  the  back,  which  brings  them  up  to  a  high  temperature.  They  are 
whirled  round  and  lick  the  concave  face  of  the  bridge,  hot  air  is  supplied 
(through  the  holes  piercing  the  bridge),  a  general  mixing  takes  place, 
and  perfect  combustion  ensues.  The  products  of  combustion  then  pass 
out  through  the  contracted  space  enclosed  by  the  top  of  the  grate  and 
the  arched  part  at  the  bottom  of  the  bridge,  and  into. the  combustion 
chamber  at  the  back,  and  thence  to  the  tubes  and  the  uptake. 

In  this  arrangement  the  radiated  heat  is  not  lost,  and  the  gases  do 
not  strike  the  cold  tubes  and  become  so  reduced  in  temperature  that 
they  cannot  combine  with  incoming  air,  but  perfect  mixture  axid 
combustion  is  secured. 

The  illustrations  (Figs.  C  and  D)  show  the  arrangement  as  fitted  to 
Babcock  &  Wilcox  and  Xiclausse  boilers. 

In  practice  the  results  are  roughly  :  In  one  case,  \vh«re  four  boilers 
of  one  type  were  fitted  with  this  arrangement,  Welsh  coal  costing  i6s.  6d. 
per  ton  evaporated  loj  lbs.  of  water  from  and  at  212°  Fah.,  while  poor 
local  coal  costing  7s.  6d.  per  ton  evaporated  8  lbs.  of  water  per  Jb.  of 
coal,  and  with  good  stoking  quite  smokelessly. 

The  President  :  I  have  a  letter  from  Mr.  Holliday,  who  writes  to 
express  his  regret  at  being  unable  to  be  present  at  this  discussion,  and 
his  appreciation  of  the  kind  way  in  which  his  paper  has  been  received. 

Mr.  CROMPT9N'  (in  reply) :  I  do  not  know  whether  I  have  to  return 
thanks  and  reply  for  Mr.  Holliday  as  well  as  for  myself,  but  I  cannot 
help  doing  so  in  some  few  instances  because  the  two  subjects  are  so 
closely  asaociat«d.  Although  it  is  very  tempting,  I  do  not  intend,-at  this 
late  period  of  the  evening,  to  be  dragged*  off  into  side-issues.    A  great 
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many  speakers,  particularly  on  the  first  night,  seemed  to  think  this  was  Mr. 
a  question  of  water-tube  and  Lancashire  boilers  and  other  matters,  crompton. 
which  are  entirely  foreign  to  the  question.  My  paper  is  on  the  use  of 
cheap  fuel,  and  certainly  cheap  fuels  which  require  a  large  grate  can 
be  burned  more  easily  with  boilers  having  external  grates ;  certainly 
the  Lancashire  boiler,  with  its  long  narrow  grate,  is  not  well  suited  for. 
these  fuels  for  that  reason  only.  But  I  think  it  is  quite  outside  this 
paper  to  discuss  the  question  of  the  suitability  of  water-tube  boilers  as 
compared  with  other  kinds  of  boilers.  I  am  addressing  an  audience  of 
skilled  electrical  engineers  who  have  got  a  good  deal  beyond  that  kind 
of  thing.  There  are  a  very  large  number  in  this  room  who  have 
thrashed  this  subject  out  many  years  ago  and  have  long  since  formed 
their  opinions,  and  probably  very  correct  opinions,  and  it  would  be 
flogging  a  dead  horse  if  I  were  to  try  and  re-open  those  old  controversies. 
I  only  mentioned  water-tube  boilers  in  my  paper  because  they  arc  so 
largely  in  use,  and  because  they  are  practically  a  standard  type  for 
power  stations. 

I  will  take  the  speakers  in  their  turn.  Mr.  Ferranti  agreed  with  me 
generally,  but  called  attention  to  one  undoubted  difficulty,  and  that  is,  that 
when  you  attempt  to  get  perfect  combustion  in  a  combustion  chamber 
the  walls  of  that  combustion  chamber  suffer ;  that  is  to  say,  the  best  lin- 
ing material  is  liable  to  fuse,  and  censtant  repairs  are  needed.  It  was 
for  that  very  object  I  proposed  to  use  a  readily-removed  furnace  which 
can  be  easily  repaired.  The  form  of  bricks  used  is  such  that  the  arch 
can  be  replaced  at  a  comparatively  small  expense.  But  I  will  take  this 
opportunity  of  saying  that  Mr.  Ferranti  calls  my  attention  to  a  point  on 
^Kdiich  I  did  not  dwell  with  sufficient  insistence  in  ray  paper ;  that  is, 
as  to  the  character  of  the  materials  used  for  lining  the  combustion 
chamber.  Many  of  you  have  wondered  why  lire-brick  bridges  and 
devices  of  that  kind  have  in  some  cases  proved  very  successful,  and  in 
other  cases  not  successful  at  all.  I  have  never  seen  it  publicly  stated 
that  any  one  has  observed  the  fact  which  I  have  noted,  viz.,  the  enor- 
mous effect  the  character  of  the  fire-brick  used  has  on  the  usefulness  of 
the  combustion  chamber.  When  we  deal  with  the  material  of  combus- 
tion chambers  we  are  deahng  with  something  more  of  the  nature  of  the 
mantles  of  incandescent  gas  lamps  :  we  want  a  material  which  can  take 
in  and  give  o£F  heat  with  extreme  rapidity,  and  I  believe  that  the 
rebcarches  which  have  been  made  in  that  class  of  highly  refractory 
materials  may  be  of  use  to  us  in  developing  combustion  chambers 
to  give  far  higher  efficiencies  than  have  ever  yet  been  reached.  I 
myself,  in  the  limited  experiments  which  I  have  carried  out  in  my 
own  works,  have  found  differences  amounting  to  as  much  as  loo  per 
cent,  in  the  effective  nature  of  the  surfaces  which  I  used.  I  found  that 
the  softer  surfaces,  made  with  a  material  more  closely  resembling  pipe- 
clay than  the  harder  fire-bricks,  not  only  were  not  so  easily  melted,  but . 
they  increased  the  efficiency  of  the  furnace  as  a  means  of  preventing  - 
smoke  and  of  getting  high  results  and  a  high  percentage  of  carbonic. 
acid.  I  gpt  as  much  as  loo  per  cent,  improvement  witliout  any  altera- 
tion in  the  form  of  my  f urnace3,  but  only  in  the  raateriaj^  used, 

^r.  Stromeyer's  remarks  ar.Q  to  be  received  with  the  very  greatest 
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Crompton.  respect.  The  early  part  of  his  remarks  which  referred  to  Mr.  Holli- 
day's  paper  greatly  impressed  me.  I  cannot  reply  to  them  :  I  take  them 
from  him.  I  refer  to  those  in  which  he  states  that  if  the  coal  were  pure, 
and  the  cost  of  evaporating  the  water  were  one  penny,  that  if  you  had 
20  per  cent,  of  refuse  it  would  be  i^d.,  with  30  per  cent,  it  would 
be  2id.,  and  with  40  per  cent.,  4jd.  Those  are  very  startling  figures. 
They  may  be  correct,  and  it  is  quite  possible  with  the  e.xisting  appliance 
such  figures  are  obtained,  but  the  whole  object  of  my  putting  before 
you  the  difficulties  which  we  encounter  in  the  use  of  cheap  fuel  is  to 
enable  us  to  design  something  to  get  over  those  difficulties,  so  as  to 
make  the  use  of  cheap  fuel  a  real  gain  in  economy.  I  described  in 
the  body  of  my  paper  the  means  by  which  I  hoped  that  this  could  be 
done.  The  figures  which  I  have  given  in  tlie  addendum  are  to  some 
extent  a  proof  that  we  have  made  an  advance.  Here  we  have  a  fuel 
with  a  very  considerable  percentage  of  non-combustible  and  a  very 
high  percentage  of  water  giving  a  result  comparable  with  the  very  best 
fuels.  I  think  this  shows  that  the  ideas  of  those  who  have  been  working 
in  this  direction  are  promising.  Although  we  may  not,  in  constant 
practice,  get  such  high  results  as  were  got  on  that  six-hour  test,  yet  I  do 
not  see  why,  when  we  have  a  machine-worked  furnace,  the  results  of  a 
long  test  should  not  be  quite  as  good  as  those  of  a  short  test.  You 
know  that  the  sole  reason  why  the  results  of  long  tests  with  hand- 
firing  aie  worse  than  those  of  short  tests  is,  that  the  clinkering  needed 
is  slight  until  the  six-hour  test  is  over,  so  that  the  deteriorating 
effect  of  clinkering  does  not  show  itself  on  short  trials.  But  when  the 
clinkering  process  is  continuous,  as  it  is  with  the  furnace  I  am  advoca- 
ting, it  does  not  matter  whether  it  is  a  six-hour  test  or  a  six  weeks'  test, 
providing  the  furnace  works  properly  and  does  what  it  is  intended  to 
do — that  is  to  say,  continuously  feeds  itself  with  fuel  and  continues  to 
deliver  the  clinker  without  any  hand  attention  whatever. 

I  avoid  what  Mr.  Stromeyer  said  about  water-tube  boilers,  and  also 
what  Mr.  Clerk  said  about  them.  Mr.  Clerk,  I  think,  makes  a  very  con- 
siderable mistake.  In  the  first  place,  in  my  paper  I  touched  very  lightly 
on  the  question  of  using  gas  in  firing  the  boilers.  I  referred  to  Mr. 
Humphrey's  paper,  which  was  thoroughly  discussed  before  the  Institu- 
tion of  Civil  Engineers,  and  which  referred  to  a  system  now  being  tried 
on  a  large  scale.  I  have  not  had  anything  to  do  with  it  myself.  I  only 
said  in  my  paper  that  it  promised  well.  But  Mr.  Blount  answered  Mr. 
Clerk  very  satisfactorily,  I  think,  when  he  pointed  out  that  Mr.  Clerk 
had  entirely  neglected  the  effects  of  the  hydrogfen  which  would  be 
obtained  by  the  decomposition  of  the  water  used  in  those  gas-producers. 
I  had  the  great  disadvantage  of  not  seeing  Professor  Perry's  figures 
until  he  showed  them  this  evening,  and  I  have  not  yet  been  able  to 
follow  them,  having  been  obliged  to  listen  to  the  rest  of  the  discussion, 
and  I  do  not  feel  myself  in  a  position  to  tackle  them  now.  I  have  no 
doubt,  as  Professor  Perry  said,  that  I  can  agree  the  figures  with  him, 
and  I  think  the  differences  between  us  can  be  easily  explained. 

Mr.  Boot's  figures  are  extremely  interesting,  and  will  add  very 
greatly  to  the  value  of  the  discussion  on  this  paper  when  they  are 
published  in  the  Journal.     I  take  it  that  he  used  the  same  boilers 
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throughout,  with  a  very  small  alteration  in  the  furnace  for  the  different  m^, 
classes  of  coal ;  but  that  is  not  a  fair  way  of  comparing  two  kinds  of  Crompton. 
fuel.  They  require  considerable  adjustments.  The  fire-bar  adjustment, 
the  length  of  lire-bars,  and  grate  area  must  all  be  experimented  with 
and  adjusted  before  one  can  get  the  best  results  with  each  kind  of  coal ; 
but  I  do  not  think  that  any  short  tests  are  of  very  great  value.  He  has 
corroborated  what  I  have  said  about  the  great  loss  by  storage  of  fuel, 
and  of  course  it  is  the  case  that  the  more  finely  the  fuel  is  powdered  the 
more  rapid  is  the  rate  of  deterioration.  The  cause  of  deterioration  is  well 
understood.  Slow  combustion  goes  on,  and  the  combustible  is  oxidised 
and  really  increases  the  amount  of  earthy  matter  present  in  the  coal. 

Mr.  Geipel  has  given  us  some  very  interesting  information,  but  I 
think  he  is  a  little  unfair  to  Mr.  HoUiday.  Mr.  Holliday  does  really 
consider  the  capital  cost  and  docs  put  it  down  very  clearly  in  his  table, 
and  I  do  not  quite  follow  Mr.  Geipel  as  to  what  further  details  of  the 
capital  cost  he  required.  I  quite  agree  with  Mr.  Geipel  that  it  is  a 
splendid  thing  to  force  boilers,  as  it  reduces  the  capital  charge  very 
greatly.  No  man  is  more  aware  of  it  than  I  am.  Mr.  Miller,  who 
spoke  last  time,  will  tell  you  that  in  one  of  the  cases  in  which  he  and  I 
were  jointly  concerned  we  sometimes  used  to  fire  a  Babcock's  boiler, 
which  was  rated  at  250  H.F.  up  to  750  H.P.  by  injecting  oil  fuel  on  top 
of  the  Welsh  coal,  and  thus  carried  the  station  over  the  peak  of  the 
load.  It  was  more  economical  than  lighting  up  two  other  boilers,  and 
had  no  ill  effect.  But  the  usual  thing  occurred.  Directly  we  began  to 
use  oil  fuel  in  quantity  the  price  doubled  and  trebled.  In  fact,  there 
was  no  real  price  (it  was  only  2d.  a  gallon  for  a  few  weeks),  so  that 
practically  the  experiment  was  never  carried  further. 

Mr.  Lawson's  remarks  were  practical,  as  they  always  are.  On  the 
subject  of  brickwork  he  has  given  us  one  or  two  valuable  hints,  which 
may  not  be  known  to  many  here,  as  to  the  way  in  which  brickwork 
should  be  put  into  the  boilers  so  as  to  reduce  the  cost  of  repairs.  He 
has  prepared  a  table  which  is  really  a  continuation  of  the  table  which 
was  published  by  me  in  1894  with  my  paper.  He  has  carried  it  further, 
into  the  total  cost  of  the  energy,  and  has  pointed  out  that  really  a  curve 
very  similar  to  that  drawn  by  Mr.  Holliday  on  my  table  can  be  drawn 
on  his  table. 

Professor  Robert  Smith  thinks  we  electrical  engineers  have  no 
monopoly  of  the  energy  question.  I  differ  from  him.  I  think  we  are 
the  only  people  who  put  our  backs  into  it.  Until  we  began  to 
discuss  the  cost  of  energy  nobody  knew  anything  about  it.  A  few 
waterworks  engineers  did,  but  they  kept  it  to  themselves,  and  of  course 
marine  engineers  did,  but  until  we  began  to  publish  our  accounts  and 
vie  with  one  another  to  cut  down  bills  and  find  where  the  losses  were 
located,  very  little  was  known  of  the  cost  of  electrical  energj*.  The 
e£Fect  of  our  special  knowledge  has  been,  as  you  know%  that  many 
manufacturing  concerns  all  over  the  country  are  taking  a  leaf  out  of 
our  book,  and  are  putting  down  real  power  stations  instead  of  going 
on  in  their  old  way  having  rows  of  Lancashire  boilers  and  one  large 
lightly-loaded  engine  in  an  outhouse  going  round  at  about  fifty  revolu- 
tions a  minute. 
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Mr.  Appleby  spoke  of  powdered  fuel.  Undoubtedly  there  is  a  great 
future  before  it.  It  is  well  known  that  the  late  Mr.  Crampton  worked 
at  it  at  Woolwich  Arsenal,  and  others  have  worked  at  it  on  the  same 
lines.  I  believe  there  are  difficulties  connected  with  it,  but  no  doubt 
those  gentlemen  who  have  worked  at  it  lately  have  got  over  some  of  the 
trouble.  There  is  a  question  which  I  should  like  to  ask  Mr.  Appleby  : 
Where  does  the  earthy  matter,  the  incombustible,  go  to  ?  If  the  fuel 
contains  20  per  cent,  of  incombustible,  and  the  whole  is  powdered, 
the  combustible  matter  is  burnt,  and  the  remaining  20  per  cent,  of 
incombustible  is  cither  blown  over  the  surrounding  parish  in  the  form 
of  dust,  or  it  stays  in  the  boiler  flues  and  has  to  be  taken  out  at  regular 
intervals.  I  am  afraid  that  would  necessitate  a  periodical  flue-cleaning 
just  as  we  have  in  blast  furnaces,  which  means  shutting  down  the 
works.  I  believe  that  was  one  of  the  troubles  met  with  at  Woolwich. 
It  must  not  be  understood  from  my  remarks  that  I  am  throwing  cold 
water  on  the  idea,  because  it  deserves  developing.  In  fact,  every 
scheme  to  enable  us  to  utilise  our  cheap  fuel  to  the  best  advantage 
deserves  the  encouragement  of  electrical  engineers,  who,  in  spite  of 
Professor  Smith,  are  more  than  anybody  else  purveyors  of  energy. 

Mr.  J.  HoLLiDAY  [communicafed]:  In  replying  to  the  very  interesting 
discussion  which  has  followed  the  reading  of  i  the  papers  by  Mr. 
Crompton  and  myself,  I  would,  first  of  all,  desire  to  tender  to  the 
President  and  members  of  the  Institution  my  very  hearty  thanks  for  the 
kind  way  in  which  my  paper  has  been  received  and  for  my  share  in  the 
cordial  vote  of  thanks  so  freely  accorded* 

There  are  many  points  in  the  discussion  to  which  Mr.  Crompton  has 
already  replied,  and  these  I  feel  are  much  safer  in  his  hands  than  in  my 
own ;  I  will  therefore  confine  my  remarks  to  some  points  on  which  I 
have  personal  experience  that  may  be  of  interest. 

Mr.  Crompton  in  his  paper  refers  to  automatic  stokers,  and  of  these 
I  have  had  more  success  with  those  of  the  coking  than  with  those  of 
the  spreading  type.  The  coking  stoker,  however,  is  not  suitable  for 
varying  loads  on  account  of  the  loss  of  time  that  must  elapse  in  order  to 
secure  the  grate  being  covered  with  an  increased  thickness  of  fuel 
before  the  draught  can  be  increased,  and  unless  this  is  done  the  fire  burns 
into  holes  and  the  output  of  the  boiler  is  reduced  instead  of  increased 
by  the  extra  draught ;  I  have  used  a  coking  stoker  in  boilers  with  a 
mechanically  assisted  draught,  and  in  this  case  the  difficulty  has  been  a 
very  real  one.  As  affecting  the  cost  of  steam  raising,  I  have  found  that 
over  comparatively  long  periods  of  working,  the  reduction  in  cost  of 
fuel  and  working  expenses  has  been  almost  exactly  balanced  by  the 
increased  costs  of  maintaining  the  furnaces  in  good  repair  ;  whilst  the 
possibility  of  the  stoker  giving  trouble  at  critical  periods  is  a  further 
point  in  its  disfavour.  The  fire-brick  arches  to  these  coking  stokers 
were  at  first  a  cause  of  much  anxiety,  which  was  eventually  much 
lessened  by  carrying  the  arches  on  independent  supports  above  the 
level  of  the  fuel,  and  fixing  hollow  cast-iron  blocks  below  the  springings 
of  the  arches  through  which  the  current  of  air  admitted  over  the  fires 
was  drawn  ;  these  hollow  blocks  were  easily  renewed  without  disturbing 
the  arches  themselves,  and  stood  considerably  longer  than  the  fire-brick 
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blocks  first  used.     It  is  suggested  that  the  seini-molten  slag  forms  a  Mr. 
flux  for  some  of  the  constituents  of  the  fire-brick,  and  rapidly  reduces 
them  even  when  it  does  not  adhere  to  them  and  carry  away  considerable 
portions  when  knocked  off. 

Mr.  Crompton  favours  the  Juckes  furnace,  of  which  I  have  had  a 
number  in  my  charge  ;  these  were  used  for  heating  and  boiling  liquids, 
and  not  for  raising  steam  for  power  purposes.  On  one  of  these,  with 
an  effective  grate  area  of  50  square  feet,  slack  coal  of  a  calorific  value  of 
12,700  Th.  units  was  burnt  at  the  rate  of  17*2  lbs.  per  hour  per  square 
foot  of  grate.  It  was  found  that  with  a  chimney  temperature  of  622°  F., 
19  per  cent,  of  the  heat  passed  away  in  the  products  of  combustion ;  the 
many  careful  analyses  of  the  products  of  combustion  on  which  the  above 
result  was  based  showing  the  percentage  of  C0»  by  volume  to  be  io'8 
per  cent,  at  the  back  of  the  grate,  which  was  reduced  by  leakage  to 
8*8  per  cent  at  the  chimney.  This  very  large  inleak  of  cold  air  seems 
inevitable  with  this  class  of  furnace,  and  will,  I  think,  never  be  suffi- 
ciently reduced  to  make  it  really  economical.  Maintenance  of  the 
metal  portions  is  not  heavy,  but  it  is  vital  to  secure  the  greatest  possible 
uniformity  in  the  size  of  the  plates  forming  the  links  in  the  chain.  Of 
its  smokelessness  and  ability  to  deal  with  almost  any  class  of  readily 
ignited  fuel  there  is  very  little  question,  but  being  a  coking  stoker  it 
will  not  readily  respond  to  a  quickly  varying  load. 

What  I  have  just  said  about  the  composition  of  furnace  gases  will 
show  that  I  do  not  agree  with  Mr.  B.  Blount  as  to  what  may  be 
expected  when  analysing  the  products  of  combustion  in  a  furnace.  He 
is  satisfied  with  12  per  cent.  COf  as  a  good  result,  corresponding  to  an 
air  supply  of  about  i*8  times  the  theoretical  amount  required,  and  I 
shall  find  it  hard  to  make  him  believe  that  from  the  furnace  of  a  boiler 
working  with  mechanically  assisted  draught  I  have  found  by  three 
different  methods,  samples  being  taken  simultaneously  from  two 
different  parts  of  the  smoke  box,  17  per  cent  of  COf  by  volume  and 
no  appreciable  CO.  One  of  the  methods  of  determining  the  COj  in 
this  case  was  by  Arndt's  Econometer,  an  instrument  by  which  the  vary- 
ing percentage  of  CO9  can  be  read  direct  as  easily  as  the  steam  pressure 
is  read  on  the  pressure  gauge.  Another  form  of  this  instrument  is  the 
Dasymeter,  and  in  my  opinion  some  such  instrument  should  be  in  opera- 
tion in  every  large  boiler-house.  These  instruments  can  be  made  self- 
recording.  An  account  of  experiments  on  boilers  in  which  great 
advantages  were  found  to  follow  the  introduction  of  the  Dasymeter 
will  be  found  in  a  paper  on  "The  Cost  of  Steam  Raising,"  by  Carl 
]aufs,  in  Zcitschrift  des  Vereines  Deutscker  Ingenieure  of  the  31st  of 
March,  1894.  The  economy  to  be  obtained  by  the  intelligent  use  of  such 
an  apparatus,  especially  during  periods  of  light  load,  is  considerable, 
whilst  the  extra  steam  produced  by  fires  kept  constantly  in  the  best 
possible  order  during  periods  of  heavy  load  is  still  more  valuable. 

Whilst  on  the  subject  of  furnace  gases,  I  may  refer  to  Mr. 
Stromeyer's  remarks  on  sampling.  Of  course  this  is  the  difficult  matter, 
and  everything  depends  on  it,  but  the  same  remark  will  apply  to  the 
sampling  of  almost  every  substance  submitted  to  chemical  analysis,  and 
the  precautions  which  are  recognised  as  sufficient  in  so  many  cases 
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Mr.  ought  not  to  miss  the  mark  so  entirely  in  the  case  of  furnace  gases  as 

^^^»y'  ^j.  stromeyer  would  have  us  believe.  With  all  respect  to  his  great 
experience,  I  would  suggest  to  him  that  the  great  discrepancies  he 
found  between  the  results  of  the  chemical  analysis  and  his  own 
cconomiser  method  may  be  due  to  the  fact  that  as  the  water  would  take 
some  time  in  passing  through  the  economiser,  the  effect  of  the  gases  may 
not  have  reached  the  thermometers  when  the  samples  for  analysis  were 
drawn ;  whilst  the  fact  that  the  averaged  results  of  the  two  methods 
agreed  so  well  seems  to  show  that  this  was  really  the  cause  of  the 
discrepancies.  My  experience  is,  that  if  furnace  gases  are  to  be 
analysed,  it  must  be  done  on  the  spot  and  as  soon  as  possible  after  the 
samples  have  been  drawn,  for  even  when  kept  over  mercury  it  is 
difficult  to  avoid  leakage.  Extreme  delicacy  of  manipulation  is  not 
required,  as  there  is  no  value  in  any  figure  in  the  result  of  the  anaU'sis 
after  the  first  decimal  place. 

The   points   that    Professor    Perry   mentions  with  regard   to  the 
development  and  sale  of  energy  are  in  close  agreement  with  those 
which  Mr.  Bryan  Donkin  has  communicated,  and  some  information  as 
to  coal-testing  stations  may  be  found  in  a  paper  by  Mr.  Donkin  and 
myself,  published  in  vol.  cii.  of  the  "  Proceedings  of  the  Institution  of 
Civil  Engineers."     Professor  Perry  has  emphasised  a  point  which  I  was 
anxious  to  insist  on  in  the  paper,  viz.,  that  many  of  the  costs  of  steam 
vary  with  the  amount  of  fuel  burned  rather  than  with  the  quantity  of 
water  evaporated,  and  I  am  thankful  to  him  for  the  clear  manner  in 
which  he  has  brought  this  out.    The  further  figures  that  he  gives  will 
be  studied  with  interest  by  every  producer  of  electric  current  for  public 
supply.      His  remarks  on    boiler   circulation  are  suggestive,  and  the 
importance  of  this  subject  has  been  fully  brought'  out  by  Mr.  Geipel, 
whose  figures  showing  the  temperature  of  the  water  at  the  bottom  of  a 
Lancashire  boiler  must  be  startling  to  those  who  have  not  looked  into 
this  matter.      I  have  on  several  occasions   made  experiments  which 
amply  confirm  Mr.  Geipel's  figures.     In  one  instance  with  a  boiler  of 
Lancashire  multitubular  type,  having  no  external  flues  and  therefore 
not  heated  at  all  underneath,  in  4^  hours  after  the  fires  were  started  the 
water  at  the  bottom  of  the  boiler  had  only  risen  from  50°  to  52°  F., 
whilst  that  at  the  working  level  had  risen  from  50°  to  196°  F.,  in  spite  of 
the  fact  that  to  assist  matters  one-sixth  of  the  total  contents  of  the 
boiler  had  been  run  out  at  intervals  through  the  blow-out  tap  and 
water  of  180°  F.  pumped  in  to  take  its  place.    After  trying  without 
success  several  so-called  circulators,  Weir's  Hydrokineters  were   put 
in,  and  by  means  of  them  the  water  in  the  bottom  of  the  cold  boiler 
was  both  heated  and  circulated  by  steam  taken  from  the  mains  ;  in 
this  way  it  was  quite  easy  to  heat  up  the  lower  parts  of  the  boiler  at  the 
same  rate  as  the  upper  parts.    This  plan  has  been  followed  during  the 
past  nine  years,  and  the  bottom  seams  of  the  boiler  shells  are  in  good 
order,  and  no  repairs  on  them  have  been  necessary.    A  still  better  plan 
is  to  employ  forced  circulation  by  means  of  a  pump  ;  this  of  necessity 
involves  certain  complications,  but  a  small  centrifugal  pump  and  electric 
motor  and  the  necessary  fittings  are  not  great  extravagances  compared 
,^^  to  the  saving  of  time  and  diminution  of  serious  risks  that  would  follow 
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their  use.     I  should  imagine  that  Mr.  Geipel's  circulating  rib,  in  addition   lir-  . 
to  a  forced  circulation  such  as  I  have  described,  would  make  a  very     °  *  ^^' 
efficient  combination.    Active  circulation  appears  to  commence  with 
ebullition,  it  is  therefore  an  advantage  to  keep  the  safety-valves  eased 
on  a  boiler  being  put  into  steam,  and  thus  allow  circulation  to  com- 
mence at  as  low  a  temperature  as  possible. 

The  President  :  It  only  remains  for  us  to  pass  a  very  hearty  vote  ^® , . 
of  thanks  to  Mr.  HoUiday  and  to  Mr.  Crompton  for  the  papers  which 
have  given  rise  to  this  interesting  discussion,  which  has  now  lasted  for 
two  evenings. 

Carried  by  acclamation. 

The  President  reported  that  as  the  result  of  the  ballot  the  follow- 
ing gentlemen  had  been  elected  : — 

Associate  Members  : 
George  Cornelius  Berry.  |      Henry  Cuthbert  Buckmaster. 

Foreign  Member: 
William  Janus  Schonau. 

Associate : 
Edward  Henry  Johnson. 

Student : 
Andrew  William  Barrett. 
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The  Three  Hundred  and  Thirty-Eighth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  Great  George  Street,  Westminster,  on 
Thursday  evening,  December  14th,  1899,  Professor 
Silvanus  P.  Thompson,  F.R.S.,  President,  in  the  Chair. 

The  Minutes  of  the  Ordinary  General  Meeting  held  on 
December  7th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council,  viz. : — 

From  the  class  of  Associates  to  that  of  Members — 

W.  C.  Mountain. 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

Leonard  L.  Joseph. 

Mr.  H.  T.  Harrison  and  Mr.  E.  V.  Graham  were 
appointed  scrutineers  of  the  ballot  for  new  members. 

Donations  to  the  Library  were  announced  as  having 
been  received  since  the  last  meeting  from  Messrs.  Whit- 
taker  and  Co.,  to  whom  the  thanks  of  the  meeting  were 
unanimously  accorded. 

The  President  :  I  have  to  announce  that  a  very  im- 
portant piece  of  progress  has  been  accomplished  since  the 
last  meeting  of  the  Institution.  In  pursuance  of  the  policy 
which  the  Council  of  the  Institution  has  had  before  it  for 
some  time,  we  have  been  promoting  the  organisation  of 
local  centres  both  within  the  United  Kingdom  and  without. 
We  have  had  three  petitions  in  form  from  in  each  case  more 
than  fifty  persons,  acting  members  or  eligible  to  join,  for 
the  creation  of  Local  Sections  respectively  in  Newcastle-on- 
Tyne  and  its  neighbourhood,  in  Dublin  for  Ireland,  and  in 
Glasgow ;  and  the  Council  to-night,  acceding  to  the  prayer 
of  the  several  petitions,  has  created  those  three  local  centres. 


Digitized  by  LjOOQ  IC 


899.]  HOPE-JONES:    ELECTRI12AL  TIME-SERVICE.  X19 

A  further  petition  from  a  smaller  number  of  persons  in  Cape 
Town  has  been  before  the  Council,  and  the  Council  has 
to-night  decided  to  create  a  local  section  in  Cape  Town,  so 
that  the  Articles  of  Association  which  were  formulated  with 
the  view  of  carrying  out  this  organisation  eighteen  months 
ago  have  now  come  into  operation,  and  the  local  centres 
are  actually  created  before  the  expiration  of  the  year  1899. 

It  may  be  well  that  members  should  know  at  the  earliest 
opportunity  that  the  Council  has  further,  on  the  recom- 
mendation of  its  Finance  Committee,  taken  the  step  of 
transferring  investments  from  its  general  fund,  amounting 
to  over  ;^i,437,  to  the  Building  Fund,  which  now  therefore 
stands  practically  at  ;^7,ooo. 

I  have  now  to  call  upon  Mr.  Hope-Jones  for  his  paper. 


ELECTRICAL  TIME-SERVICE. 
By  F.  HoPE-JONES. 

The  subject  of  this  paper  has,  I  believe,  never  before 
appeared  in  the  Proceedings  of  the  Institution  of  Electrical 
Engineers,  presumably  because  electric  clocks  have  until 
quite  recently  been  considered  little  more  than  interesting 
toys,  or  at  any  rate  have  not  achieved  that  measure  of 
success  which  alone  makes  the  wholesale  distribution  of 
time  possible ;  the  Electrical  Engineering  Profession  as 
such  has  consequently  had  no  occasion  to  deal  with  it. 

In  the  first  place,  let  there  be  no  mistake  as  to  the  im- 
pK>rtance  of  the  subject.  The  advantages  of  an  organised 
service  of  uniform  and  accurate  time  make  an  apology  for 
giving  it  an  evening  at  the  Institution  quite  unnecessary, 
provided  it  is  not  a  mere  dream,  but,  as  I  maintain,  within 
our  reach.  Time-keeping  is  essentially  one  of  those  things 
that  can  be  done  much  better  by  a  Municipality  or  a 
Company  than  by  the  individual.  What  is  every  one's 
business  is  nobody's.  There  is  not  an  argument  in 
favour  of  the  public  supply  of  such  commodities  as 
electricity,  gas,  or  water,  which  does  not  apply  with  equal 
or  even  greater  force  to  the  distribution  of  time.  Anything 
like  correct  measurement  of  time  is  a  delicate  operation,  so 
difficult  indeed  that  absolute  accuracy  is  impossible  even 
with  the  aid  ol  carefully  compensated  seconds  pendulums 
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in  our  observatories.  How  then  can  we  expect  to  do  it 
for  ourselves  in  every  room  and  in  every  office,  with  clocks 
in  which  the  length  of  the  pendulum  and  the  quality  of  the 
works  are  sacrificed  to  the  ornaments  of  the  cases  ?  Yet  we 
grumble  at  them  unjustly,  and  go  on  using  them — so  true  is 
it  all  the  world  over,  but  particularly,  I  fear,  in  England,  that 
in  the  trivial  and  common  things  of  daily  life  we  are  con- 
tent with  inefficiency,  and  submit  to  many  of  "  life's  little 
worries"  through  thoughtlessness  or  the  want  of  energy 
and  concerted  action. 

.  We  have  not  made  much  progress  in  obtaining  uni- 
formity since  Charles  V.  of  Spain  went  mad  in  the  attempt, 
and  it  seems  strange  that  electricians  have  not  accomplished 
it  before,  when  we  recollect  that  they  have  been  at  it  since 
the  beginning  of  the  present  reign,  since  the  earliest  days  of 
telegraphy. 

Alexander  Bain  began  to  think  about  it  in  1837.  I" 
1846  his  system  was  in  use  between  Glasgow  and  Edinburgh, 
and  he  had  an  attractive  showroom  of  electrically-driven 
synchronous  clocks  in  Old  Bond  Street  at  a  date  when  it 
was  necessary  to  devote  a  chapter  in  his  description  of  them 
to  an  "  Explanation  of  the  electro-magnet." 

Sir  Chas.  Wheatstone  and  R.  L.  Jones's  systems  were 
almost  as  early  as  Bain's,  and  C.  Shepherd,  some  of  whose 
work  may  yet  be  seen  in  Greenwich  Observatory,  installed 
a  time-circuit  of  eight  dials  in  the  offices  of  Messrs.  J.  F. 
Pawson  &  Co.,  in  St.  Paul's  Churchyard,  in  1849.  On  the 
Continent  we  find  that  M.  Pai'L  Garnier  (a  veteran  in  the 
service  of  "  Time,"  whom  I  had  the  pleasure  of  meeting 
in  Paris  last  year)  devised  a  system  in  1850  which  was 
applied  to  eighteen  clocks  in  the  Lille  railway  station  in 
1855;  and  again  M.  Breguet,  whose  ingenuity  provided 
seventyHwo  synchronous  clocks  in  the  streets  of  Lyons 
in  1856. 

With  such  early  and  creditable  pioneering  work  before  us 
in  the  middle  of  the  century,  I  think  we  should  have  made 
more  progress  before  its  close.  Of  that,  however,  you  will 
be  a  better  judge  than  an  avowed  champion  of  the  cause, 
and  it  is  only  for  me,  in  this  short  paper,  to  summarise  and 
dispassionately  review  the  various  systems  forming  the  steps 
in  that  advance,  to  point  out  carefully  the  conclusions 
which  a  study  of  their  theory,  and  a  practical  acquaintance 
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with  their  working,  leads  me  to  form,  and  finally  to  describe 
my  contribution  to  the  subject  and  the  system  which  I 
advocate. 

In  substantial  agreement  with  Drs.  Tobler  and 
SCHELLEN,  M.  Favarger,  and  other  authors  on  the  sub- 
ject, I  adopt  the  following  general  classification  of  electric 
clocks  : — 

(i)  Independent,  self-contained,  self-wound  clocks. 
(2)  Systems  of  clocks  connected  together  by  a  line. 
In  such  systems  a  "regulator,"  "controller,"  or  "master" 
clock  (whether  self-wound  or  key-wound)  is  invariably  used 
to  send  out  electrical  impulses  (a)  correcting  or  synchronis- 
ing ordinary  clocks,  or  (6),  directly  propelling  the  hands  of 
"subsidiary,"  "secondary,"  "receiver,"  or  "indicator"  dials. 

In  Class  I  the  main  object  is  to  save  us  the  trouble  of 
winding  our  clocks  up  once  a  week.  When  properly  applied, 
electricity  performs  this  operation  better  than  we  can  do  it, 
for  a  clock  is  an  organism  which  likes  its  feed  of  power  in 
small  and  equal  instalments  meted  out  to  it  with  perfect 
regularity. 

The  first  self-wound  clocks  were  by  Bain  and  Jones, 
who  applied  electro-magnetic  attachments  to  the  bob  of  the 
pendulum,  which,  in  obedience  to  contacts  connected  to  the 
pendulum  itself,  attracted  it  to  and  fro.  The  wheel-work  of 
the  ordinary  clock  was  retained,  but  the  escapement  modi- 
fied to  enable  the  pendulum  to  drive  it,  instead  of  the 
wheel-work  driving  the  pendulum.  In  addition  to  the 
theoretical  objection  that  the  free  action  of  gravity  is 
interfered  with  when  the  impulses  are  applied  to  the  lower 
end  of  the  pendulum,  there  is  the  practical  difficulty  of 
obtaining  a  satisfactory  working  contact  off  the  moving 
pendulum,  and  the  fact  that  fluctuations  of  battery  neces- 
sarily varied  the  impulse. 

In  1856,  M.  FOUCAULT  devised  a  most  ingenious  method 

of  obtaining  a  firm  contact  from   each   vibration  of  the 

pendulum,  which  device  was  improved  upon  and  adapted 

to  a  self-wound  clock  by  Dr.  Hipp  in  the  same  year,  and  has 

since  become  well  known  as  Hipp's  "  Electric  escapement." 

It  consists  of  a  little  pallet  pivoted  upon  the  pendulum  and 

swinging  freely  over  a  pair  of  contact  springs.     The  upper 

spring  is  provided  with  a  notched  block  which  catches  the 

pallet  and  is  depressed  by  the  pendulum  when  the  arc  of  its 
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vibration  has  fallen  too  low.  An  armature  is  fixed  to  the 
lower  end  of  the  pendulum,  and  the  contact  momentarily 
completes  the  circuit  of  a  magnet  placed  immediately  under- 
neath it.  I  show  you  an  example  of  this  in  one  of  the 
earliest  instruments  made  by  Dr.  Hipp,  and  in  the  latest 
improved  form  devised  by  Mr.  T.  J.  Murday  for  the  self- 
winding integrating  meter  of  Messrs.  Johnson  and  Phillips. 
The  same  device  has  doubtless  had  many  other  applications 
since.  I  last  saw  it  in  use  as  a  gas-engine  regulator.  Hipp's 
electrical  escapement  satisfactorily  disposes  of  the  first 
difficulty  I  mentioned — that  of  obtaining  a  good  contact 
off  the  pendulum,  and  almost  meets  the  second  objection 
by  increasing  the  frequency  of  the  impulses  automatically 
and  in  exact  proportion  to  their  lack  of  strength.  It  is  so 
successful  that  many  Continental  observatories  use  it  in 
preference  to  key-wound  regulators  for  accuracy  of  time- 
keeping. 

A  more  common  form  of  self-wound  clock  is  that  in 
which  an  ordinary  8-day  timepiece  has  electro-magnetic 
power  periodically  applied  to  its  wheel-work  in  place  of  a 
spring  or  weight,  the  electro-magnet  or  motor  being  con- 
trolled by  a  contact  operated  by  one  of  the  wheels  of  the 
clock-train.  I  show  you  the  works  of  an  American 
self- wound  clock  invented  by  H.  Chesters  Pond  as 
typical  of  this  class.  It  is  driven  by  a  toy  electro-motor 
which  winds  up  a  spring  every  hour.  One  naturally  doubts 
the  stability  of  its  contact  made  off  the  going  train  when  the 
spring  power  is  at  its  weakest,  the  efficiency  of  such  a  small 
motor  and  its  silence  after  running  for  a  few  months,  and 
perhaps  faults  of  this  nature  were  contributory  causes  to  the 
failure  of  the  English  Company  which  was  formed  to  put  it 
on  the  market  in  this  country  in  1885.  Sir  William  Preece 
presented  one  of  them  to  the  Institution  in  1888,  and  we 
may  safely  assume  that  the  reason  it  is  no  longer  in  use  is 
that  the  replenishing  of  the  battery  and  the  attention  to  the 
contacts  has  been  found  in  practice  to  be  more  troublesome 
than  weekly  winding. 

Other  self-wound  clocks  which  should  be  mentioned  are 
those  of  Shepherd,  Breguet,  Victor  Reclus  of  Paris,  Van 
DER  Plancke  of  Brussels,  Warner  of  Waterbury,  U.S.A., 
Lord  Kelvin,  Dr.  Lippmann  and  Dr,  Aaron  of  Berlin, 
but  we  shall  have  occasion  to  refer  to  them  later  on  under 
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Class  2  6.  To  these  I  could  add  the  names  of  many  other 
inventors,  the  evidence  of  whose  ingenuity  is  only  to  be 
found  in  Patent  specifications.  With  my  notes  before  me 
of  some  two  hundred  British  patents  on  the  subject  applied 
for  during  the  last  thirty  years,  it  would  seem  that  the  idea 
of  self-wound  clocks  was  fatally  alluring  to  the  dreamer  in 
search  of  perpetual  motion  who  has  done  so  much  to  swell 
the  revenue  of  the  Patent  Office. 

These  inventions,  however,  do  little  more  than  save  us 
the  trouble  of  winding  up  our  clocks,  and,  except  in  the 
case  of  electric  meters,  I  should  not  be  surprised  were  you 
to  class  them  all — even  the  best  of  them — as  misapplied 
ingenuity.  It  is  true  that  in  the  case  of  Hipp  and  one  or 
two  others  greater  accuracy  of  time-keeping  incidentally 
results,  but  if  that  cannot  be  communicated  to  and  re- 
presented upon  a  number  of  dials  its  benefit  is  very  limited. 
Inasmuch  as  it  is  impossible  to  make  an  absolutely  accurate- 
timekeeper  whatever  expense  and  care  may  be  lavished  upon 
it — and  its  error  is  necessarily  cumulative — it  will  not  suffice 
merely  to  improve  the  standard  and  quality  of  our  ordinary 
clocks  ;  we  must  strike  at  the  root  of  the  evil — their  indepen- 
dence. 

We  therefore  turn  to  Class  2,  which  sinks  the  individuality 
of  a  group  of  clocks  by  making  them  subservient  to  one 
master.  Let  us  take  first  those  methods  in  which  the 
Controller  sends  out  an  impulse  on  a  line  to  (a)  correct  or 
synchronise  existing  clocks.  R.  L.  Jones  accomplished 
this  in  1858  by  making  contact  every  second  in  the  master 
clock  to  control  the  vibration  of  subsidiary  pendulums  by 
means  of  electro-magnetic  attachments  to  their  bobs ;  and 
this  method,  improved  upon  and  made  by  Messrs.  Jas. 
Ritchie  &  Son  of  Edinburgh,  is  in  regular  use  in  many 
of  our  observatories.  It  is,  however,  found  incapable  of 
application  to  a  number  of  clocks  in  one  circuit,  though 
well  adapted  for  keeping  a  small  group  of  high-class 
regulators  in  sympathy,  beat  for  beat.  In  this  system  it  is 
necessary  that  the  pendulums  which  are  to  be  synchronised 
be  regulated  in  the  first  place  to  considerable  accuracy ;  as,  of 
course,  the  more  they  are  out  of  sympathy,  the  more  will  the 
electro-magnet  be  required  to  interfere  with  the  free  action 
of  gravity.  A  temporary  cessation  of  the  seconds  synchro- 
nising currents  often  allows  a  pendulum  to  get  so  far  out  of 
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phase  that,  when  re-established,  the  electrical  impulses 
directly  oppose  its  swing  and  bring  it  to  a  standstill.  After 
several  years'  trial  with  a  clock  at  London  Bridge,  controlled 
from  Greenwich  in  this  way,  the  late  Mr.  C.  V.  Walker  gave 
it  up  as  impracticable. 

Another  class  of  synchronisers,  far  more  suitable  for 
wholesale  application,  is  that  in  which  a  standard  clock  sends 
out  impulses  at  longer  intervals,  usually  every  hour,  to 
forcibly  pull  the  hands  of  independent  clocks  into  synchro- 
nisation by  the  armature  of  an  electro-magnet  fitted  to  each. 

Bain  employed  the  stabbing  action  of  a  V-shaped  notch 
(operating  upon  a  pin  on  the  minute-hand  at  each  hour) 
for  this  purpose  in  1843,  and  it  is  fully  described  in  a 
pamphlet  of  that  date,  "  On  the  Application  of  the  Electric 
Fluid  to  the  Useful  Arts."  Ritchie  revived  this  method 
in  1876,  but  renounced  it  in  favour  of  giving  the  clocks  to 
be  synchronised  a  permanent  going  rate  and  stopping  their 
hands  or  their  scape-wheels  by  armatures  interposed  thirty 
seconds  before  the  hour  and  liberated  exactly  at  the 
hour.  In  the  meantime,  however,  LuND  was  patenting  a 
variety  of  devices  for  correcting  the  hands,  and  his  name  will 
always  be  associated  with  the  Electro-magnetic  Clip,  which, 
in  response  to  an  impulse  transmitted  every  hour,  grips  the 
minute  hands  of  a  number  of  clocks,  pulling  them  forw^ard 
if  slow  and  backward  if  fast.  An  exhaustive  paper  on  this 
subject  was  read  by  him  before  the  Society  of  Telegraph 
Engineers  in  1881,  and  we  have  to  thank  the  Standard 
Time  Co.,  Ltd.,  for  the  survival  of  this,  the  fittest  system. 
Their  central  station  at  19  and  21,  Queen  Victoria  Street, 
E.C.,  is  equipped  with  two  steel  and  mercury  regulators  of 
the  highest  quality,  which  are  kept  very  close  to  time  by 
daily  comparison  with  a  special  Greenwich  time  signal. 
Both  of  these  regulators  make  a  contact  of  one  second 
duration  every  hour,  but  only  one  of  them  takes  the  load, 
the  other  being  held  in  reserve  and  automatically  switched 
in  by  a  sentinel  clock  in  the  event  of  the  working  regulator 
stopping.  The  hourly  contacts  operate  relays,  which  send 
out  impulses  in  all  directions  over  London  correcting  a 
large  number  of  clocks,  deflecting  galvanometer  needles  or 
ringing  single-stroke  bells.  If  it  were  not  for  this  service 
we  should  have  nothing  but  the  Greenwich-time  signals 
supplied  to  a  few   of   the    leading    clockmakers  and  dis- 
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seminated  to  the  principal  provincial  post-offices  over  the 
telegraph  lines  from  St.  Martin's-le-Grand  at  lo  a.m.  or 
I  p.m.  Since  the  inauguration  of  the  Company  in  1886,  I 
understand  that  their  rentals  have  been  steadily  increasing 
in  spite  of  the  difficulties  incidental  to  overhead  lines.  As 
I  shall  have  something  to  say  later  on  in  criticism  of 
synchronisation  in  general,  it  is  fitting  that  1  should  express 
the  obligation  we  are  under  to  this,  the  only  system  of 
Public  Time  Distribution  in  London. 

It  will  be  observed  that  in  all  synchronisers  the  complete 
key-wound  clock  is  retained,  the  sole  use  of  the  line  being 
to  correct  its  errors  periodically.  The  one  advantage  in 
such  systems  is  that  each  dial  has  a  life  of  its  own  and  will 
continue  10  go  if  the  line  breaks  down.  But  this  argument 
in  their  favour  only  applies  in  these  degenerate  days  when 
we  value  truth  so  little  that  we  prefer  a  clock  which  goes 
even  inaccurately  to  a  stopped  one.  The  greatest  objec- 
tion to  synchronisation  is  the  small  use  to  which  the  lines 
are  put.  In  telegraphy  our  energies  have  for  years  been 
almost  exclusively  concentrated  upon  increasing  the  trans- 
mitting capacity  and  the  load  factor  of  the  line.  Of  course 
no  such  problem  occurs  in  the  electrical  distribution  of  time, 
for  we  are  not  likely  under  any  circumstances  to  require 
signals  of  greater  frequency  than  15  seconds,  but  the  com- 
mercial argument  is  the  same.  Why  use  the  line  only 
once  an  hour  to  correct  key-wound  clocks,  instead  of  using 
it  every  minute,  half-minute,  or  quarter-minute  to  directly 
propel  the  hands,  thereby  dispensing  with  clock-works  and 
the  necessity  of  winding  them  up  ? 

It  is  this  consideration  which  forces  us  to  the  conclusion 

that  for  practical  and  wholesale  distribution  of  timeiwe  must 

look  to  that  class  of  electric  clocks  referred  to  as  2  b,  in 

which  a  controller  sends  out  frequent  impulses  to  directly 

propel  the  hands  of  large  numbers  of  indicator  dials.     Let 

us  now  consider  the  work  that  has  been  done  on  these  lines. 

One  would  think  that  no  mechanical  problem  could  be 

more  easy  than  that  of  rotating  pointers  synchronously  in 

response  to  periodic  contacts.     Surely  a  simple  step-by-stcp 

movement  consisting  of  a  magnet  pulling  a  lever  against  a 

spring  and  a  click  on  the  lever  engaging  a  ratchet  wheel  so 

as  to  pick  up  one  tooth  at  each  vibration,  would  suffice. 

Yet  it  is  not  so.    This  has  been  the  most  difficult  problem 
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in  the  whole  subject ;  in  fact,  it  is  one  of  the  principal  rocks 
upon  which  so  many  systems  have  split,  leaving  the  shores 
sfa-ewn  with  the  wreckage  of  fruitless  inventions  and  failures, 
resulting  in  a  deep-rooted  prejudice  against  this  use  of 
electricity. 

The  simplest  form  of  electro-magnetic  time  counter  or 
"Dial  movement"  is  shown  in  Fig.  i,  in  which  A 'is  the 
ratchet  wheel  to  be  propelled,  carrying  the  minute-hand, 
B  the  rocking  armature  lever,  C  the  propulsion  click,  and 
D  the  backstop.  This  movement  fails  because  there  is 
nothing  to  prevent  the  wheel  A  shooting  forward  more 
than  one  tooth.  The  momentum  of  a  minute-hand  is  con- 
siderable, and  its  velocity  is  greatest  at  the  end  of  its 
journey  ;  it  is  therefore  necessary  to  provide  a  "  stabbing  " 


Fig.  I. 


click  to  prevent  it  overshooting,  which  is  shown  in  dotted 
lines  at  E. 
The  time  counters  of  Messrs.  Alex.  Bain,  Paul  Garni  er^ 

RECLUS,   FROMENT,    ROBERT-HOUDIN,   DETOUCHE,    MlLDE, 

Colin,  Liais,  Warner,  Joyce,  Potts,  Stockall,  Gext, 
and  others,  are,  with  slight  variations,  identical  in  principle 
with  Fig.  I.  Theoretically  this  method  is  correct,  but  it 
has  met  with  so  little  practical  success  that  we  must  conclude 
it  is  a  form  ill-adapted  for  wholesale  manufacture.  I  believe 
the  difficulty  lies  in  the  mechanical  accuracy  necessary  to 
make  three  pallets  exactiy  in  phase  with  the  teeth  of  a 
ratchet-wheel  when  they  are  placed  widely  apart  on  the 
circumference.  That  there  are  difficulties  which,  rightly  or 
wrongly,  were  considered  insurmountable,  seems  clear  from 
the  number  of  less  simple  devices  that  have  since   beea 
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invented  to  obtain  the  same  result.  If  it  were  not  for  this 
surely  the  intricate  and  costly  hydro-pneumatic  system  of 
Charles  A.  Mayrhofer  would  never  have  been  devised,  nor 
even  the  Popp  pneumatic  system  of  Paris,  for  we  cannot 
seriously  admit  the  rivalry  of  pneumatics  for  transmitting 
small  impulses  to  long  distances.  And  again,  innumerable 
complicated  electrical  step-by-step  movements  have  since 
been  devised,  such  as  those  containing  the  double  impulsion 
clicks  with  reversed  motions  of  MM.  Nollet,  Breguet, 
and  Detouche,  and  the  weighted  fly-wheel  of  Van  der 
Plancke.  In  the  latter  system,  the  property  of  La  Precision 
Cie.,  of  Brussels,  and  in  this  country  from  1893  to  1898  of 
the  Electrical  Time  Recording  Co.,  Limited,  a  sample  of 
whose  instruments  is  shown,  the  armature  of  an  electro- 
magnet hits  with  a  percussive  blow  an  unevenly  weighted 
balance-wheei,  causing  it  to  make  one  complete  revolution, 
which  is  geared  down  through  a  train  of  wheels  to  produce 
a  half-minute  movement  of  the  minute-hand. 

Assuming  that  simplicity  is  commonly  revered  for  its 
own  sake,  we  must  suppose  also  that  the  difficulties  of 
making  a  step-by-step  movement  of  this  simple  form  that 
would  neither  trip  nor  overshoot,  yet  would  be  safely 
operated  by  a  periodic  current  sent  in  one  direction,  drove 
some  inventors  to  use  polarised  or  rotary  armatures  and 
currents  alternately  reversed.  Sir  Charles  Wheatstone 
in  1840,  recognising  also  the  difficulty  of  making  reliable 
periodic  contacts,  generated  alternate  currents  by  means  of 
the  pendulum  bob  of  his  controlling  clock,  which  was,  in 
fact,  a  magneto-electric  machine  driven  by  an  enormously 
heavy  weight  wound  up  by  hand.  The  armatures  in  his 
dials  revolved  once  for  every  complete  vibration  of  the  pen- 
dulum of  the  master-clock,  and  were  geared  to  the  minute- 
hand  through  a  train  of  wheels.  Truly  this  was  an  ideal 
system.  Absolute  uniformity  of  fifty  clocks,  only  one  of  which 
requires  winding  up,  and  no  battery  is  needed  1  But  it  was 
built  upon  a  foundation  of  sand.  It  required  that  a  time- 
keeping pendulum  should  serve  also  as  a  magneto-electric 
generator,  and  unfortunately  that  was  impossible. 

Bain  operated  subsidiary  dials  from  his  self-wound 
clocks  on  similar  lines,  but  with  this  important  difference, 
that  he  recognised  the  necessity  of  a  battery  as  the  source  of 
power ;  and  Ritchie  also,  in  1873,  used  alternate  currents 
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to  propel  subsidiary  pendulums,  which  revolved  the  hands 
upon  their  dials. 

The  rotary  armature  has,  however,  survived  in  the  system 
of  Grau,  commercialised  by  C.  Theod.  Wagner,  of  Wies- 
baden, which  has  received  considerable  support  on  the 
Continent,  and  is  now  represented  in  this  country  by  the 
General  Electric  Co.,  Ltd.,  to  whom  I  am  indebted  for 
the  models  which  I  show^  you.  Another  alternate  system 
which  has  had  its  share  of  success  is  that  of  Dr.  Hipp 
(whose  self-wound  pendulum  has  already  been  noticed), 
commercialised  by  Peyer,  Favarger  &  CiE.,  of  Neuchatel. 
In  this,  system  the  dials  are  provided  with  a  polarised 
armature,  which  rocks  an  ordinary  pallet  staff  engaging 
with  a  crown  wheel  as  in  a  verge  escapement. 

Advocates  of  systems  in  which  the  direction  of  the 
current  is  alternately  reversed  will  perhaps  demur  at  my 
suggestion  that  their  method  had  its  origin  in  the  difficulty 
of  designing  a  satisfactory  single-acting  step-by-step  motion. 
Two  arguments  in  their  favour  can  be  advanced — (i)  that 
the  receiver  dials  are  not  readily  susceptible  to  intermittent 
contacts,  should  any  such  occur  in  the  controlling  clocks ;  and 
(2)  that  no  special  care  is  required  to  make  the  action  silent, 
owing  to  the  movement  of  the  armature  being  slow  and 
not  suddenly  arrested  by  a  fixed  stop.  1  admit  these  advan- 
tages, but  they  constitute  no  argument  against  the  more 
simple  form  of  counter,  provided  a  reliable  one  can  be 
designed  and  a  safe  and  non-intermittent  contact  can  be 
obtained  to  operate  it. 

The  production  of  such  a  contact  has  been  another 
great  stumbling-block,  and  innumerable  methods  have  been 
devised  whereby  the  wheel-work  of  a  master-clock  shall 
perform  the  duty.  The  difficulty  of  course  lies  in  the  fact 
that  at  the  scape -wheel  end  of  the  clock  train  there  is  very 
little  power  available  for  such  a  purpose,  and  what  there  is 
can  ill  be  spared  from  the  primary  and  all-important  duty  of 
imparting  equal  impulses  to  the  pendulum.  In  some  cases, 
notably  in  this  regulator  movement  of  Wagner,  a  separate 
train  of  wheels  supplies  the  power  required  to  send  out  the 
contacts,  this  train  being  let  off  by  the  going  train  at  its  side 
much  in  the  same  way  as  a  striking  gear  is  operated  in  an 
ordinary  clock.  The  best  method  of  obtaining  a  contact  at 
regular  periods  off  a  pendulum  clock  that  I  have  ever  met 
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with  is  an  unpublished  invention  of  Mr.  T.  J.  MURDAV,  and 
I  have  his  permission  to  describe  it.  In  Fig.  2,  A  is  a  pen- 
dulum, whose  vibrations  are  maintained  by  any  means, 
whether  electrical  or  mechanical  does  not  now  concern  us, 
and  B  is  a  gravity  arm  bearing  against  it  and  carrying  a 
pawl  C,  which  rotates  the  disc  D  one  step  at  each  vibration. 
The  free  arm  E  is  normally  supported  by  the  disc  D,  on 
which  it  rides  backwards  and  forwards  with  each  swing  of 
the  pendulum,  until  the  notch  in  the  disc  allows  it  to  fall, 


Fig.  2. 

then  it  charges  full  tilt  into  the  contact  springs  F  with  the 
whole  weight  of  the  pendulum  behind  it. 

Having  now  reviewed  the  work  of  others  and  given,  I 
hope,  a  clear  idea  of  the  progress  achieved  and  the  difficul- 
ties that  still  have  to  be  overcome,  I  must  here  express  my 
opinion  as  to  which  of  the  many  suggested  methods  is 
destined,  perhaps  after  further  patient  improvement,  to  give 
us  House  to  House  Time  Service. 

I  consider  that  the  case  for  "one-wheel"  step-by-step 
vou  XXIX.  9 
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dials  operated  by  a  central  clock  is  overwhelming  on  the 
grounds  of  simplicity  and  economy,  provided  that  a  good 
contact  for  transmitting  the  impulses  and  a  reliable  dial 
movement  of  that  simple  form  can  be  secured,  and  my 
contributions  to  the  subject  lie  in  this  direction. 

In  the  system  which  I  advocate  the  self-wound  central  or 
controlling  clock  has  but  one  duty  to  perform,  viz.,  to  make 
and  break  an  electrical  contact  every  half-minute,  and  1 
prefer,  therefore,  to  call  it  an  "automatic  timed-switch." 
Such  an  instrument  necessarily  requires  the  combination  of 
the  essentials  of  a  good  switch  and  those  of  a  good  clock. 

I  believe  I  am  right  in  saying  that  in  the  systems  1  have 
named  that  combination  has  not  been  effected  without  one 
or  other  of  the  essentials  suffering.  Either  the  switch  is 
inefficient  through  lack  of  power,  or  the  safe-going  and 
time-keeping  of  the  clock  are  in  jeopardy  owing  to  this 
extraneous  duty  being  required  of  it.  In  the  instrument 
shown  in  Fig.  3,  however,  this  is  not  the  case.  A  is  a 
pendulum  driven  by  an  escapement  B  in  the  usual  way. 
The  necessary  turning  force  is  applied  to  the  scape-wheel  by 
means  of  the  weighted  lever  C,  which  in  falling  through  a 
small  arc  communicates  its  power  through  a  click  and 
ratchet  to  wheel  D  gearing  with  the  scape-wheel.  E  is  an 
armature  centred  at  F.  As  the  weighted  lever  falls  in  its 
action  of  driving  the  pendulum,  its  lower  limb  meets  the 
contract  screw  G  in  the  tail  of  the  armature,  and  the  circuit 
of  the  electro-magnet  and  of  a  large  group  of  dials  in  series 
with  it  is  closed  by  the  contact  of  these  two  parts.  The 
weight  is  then  thrown  up  and  its  momentum  causes  a  quick 
break  as  the  insulated  screw  H  comes  into  action  and  the 
armature  is  stopped  by  the  poles  of  the  magnet. 

This  instrument  has  therefore  the  two  essentials  of  a 
good  switch — a  severe  rub  and  thrust  and  a  quick  break. 
It  will  be  noticed  that  the  switch  consists  of  two  moving 
parts,  the  armature  which  drives,  and  the  weighted  lever  which 
is  driven,  and  that  the  entire  energy  required  to  keep  the 
pendulum  swinging  is  mechanically  transmitted  through  the 
surfaces  of  the  contact  at  each  operation.  Thanks  to  this 
all-important  principle,  I  have  never  known  one  of  these 
contacts  to  fail,  though  some  hundreds  of  them  have  been 
in  use  for  several  years  under  conditions  in  which  a  relay 
contact  would  have   struck  work    in    a   month    or    two. 
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Fig.  3. 

[  ''^igs.  3,  4  and  5  are  the  subjects  of  patents  granted  to  F.  Hope-Jones  and 
G.  B.  Bowell,  and  are  reproduced  by  permission  of  the  Synchronome 
Syndicate,  Limited.] 
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Incidentally  this  automatic  switching  operation  is  used  to 
provide  a  power  of  absolute  constancy  to  maintain  the 
vibrations  of  a  pendulum  by  throwing  up  the  weighted 
lever  C  every  half-minute,  and  thus  it  also  possesses  the 
greatest  essential  of  a  good  clock. 

For  operating  any  circuit  of  step-by-step  movements  the 
ordinary  relay  form  of  contact  which  has  invariably  been 
used  before  is  to  my  mind  quite  unsuitable.  Apart  from  the 
insufficiency  of  the  rub  and  thrust,  its  duration  has  always 
been  arbitrarily  decided  by  guess-work.  Obviously  if  the 
contact  is  too  short,  the  least  sensitive  of  the  dials  will  not 
respond  to  it.  If  too  long,  there  will  be  a  considerable 
waste  of  electrical  energy,  and  we  must  not  forget  that  the 
exact  duration  required  varies  in  every  installation  according 
to  the  time-constant  of  the  entire  circuit. 

Now  in  this  automatic  timed-switch  it  will  be  observed 
that  the  duration  of  the  contact  is  dependent  upon  an 
electro-magnet  placed  in  series  with  all  the  magnets  it  has 
to  control ;  its  duration  is,  therefore,  in  exact  proportion  to 
and  dependent  upon  the  time-constant  of  the  entire  circuit. 
It  is  easy  so  to  adjust  the  weight  of  the  two  moving  members 
of  the  switch  and  the  ampere-turns  and  self-induction  of  the 
electro-magnet  which  is  employed  to  overcome  their  inertia, 
that  the  break  cannot  occur  until  the  electric  inertia  of  the 
whole  circuit  has  been  overcome,  and  every  dial  in  it  has 
had  exactly  what  it  wanted.  As  illustrating  the  perfect  self- 
adjustment  of  the  duration  of  the  contact  under  all  circum- 
stances when  performed  by  this  instrument,  let  me  instance 
its  operation  in  the  numerous  time-circuits  where  an  electric 
light  supply  is  used  as  the  motive  power  through  an  incan- 
descent lamp  as  a  working  resistance  ;  in  these  circumstances 
the  switch  automatically  proportions  its  supply  to  the 
requirements  of  its  circuit  by  breaking  contact  at  the 
moment  when  the  lamp  filament  has  become  sufficiently 
heated  to  allow  the  necessary  current  to  pass.  The  gradual 
rise  in  current  secured  in  this  way,  and  the  sudden  break  at 
exactly  the  right  moment,  is  in  every  way  beneficial.  The 
former  is  conducive  to  silence  in  the  action  of  the  dials,  and 
the  latter  ensures  economy.  Again,  in  time-circuits  operated 
by  a  primary  battery,  as  the  internal  resistance  of  the  cells 
rises  the  duration  of  the  contact  will  increase,  and  the  dials 
will  contmue  to  operate'  in  spite  of  a  considerable  drop  in 
pressure. 
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Fig.  4  shows  the  step-by-step  movement  or  electro- 
magnetic time  counter  operated  every  half-minute  by  the 
switch  described.  It  is  of  such  simplicity  that  I  should  feel 
diffident  in  bringing  it  so  prominently  to  your  notice,  were 
it  not  that  certain  points  in  its  construction  have  proved 
themselves  to  be  of  vital  importance.  The  main  wheel 
carrj'^ing  the  minute-hand  has  120  rectangular  teeth,  and  the 
armature  lever  carries  a  rectangular  steel  propulsion  click 
h'mited  in  its  upward  movement  by  a  fixed  stop.  Only  one 
other  click  is  provided,  viz.,  the  backstop,  which  is  also  a 


Fig.  4. 

rectangular  steel  block  at  the  extremity  of  a  pivoted  arm. 
The  wheel  is  propelled  by  a  fiat  steel  spring  bearing  upon 
the  heel  of  the  propulsion  click. 

After  reviewing  all  known  forms  of  electro-magnetic  time 
counters,  Du  Moncel  lays  down  the  rule  that  in  addition  to 
the  impulse  click  and  the  retaining  or  backstop  click,  the 
wheel  must  be  stabbed  by  a  "  cliquet  d'arret,"  and,  further, 
that  the  impulse  click  must  always  drive  at  a  tangent  to  the 
wheel.  We  have  ventured  to  transgress  both  these  conclu- 
sions, and  in  doing  so  it  appears  that  we  have  designed  a 
movement  which  is  more  certain  in  action  and  more  capable 
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of  wholesale  manufacture  than  any  of  its  predecessors.  By 
driving  at  an  angle  of  135°  to  the  radius  and  adopting 
rectangular  teeth,  we  can  with  safety  apply  a  fixed  stop 
above  the  propulsion  click  which  will  effectually  arrest  the 
momentum  of  the  hands  after  their  forward  movement, 
thus  accomplishing  the  object  of  the  third  click.  The 
position  of  the  propulsion  click  and  this  upper  stop  is  of 
the  greatest  importance.  If  we  drive  at  a  tangent  the 
slightest  eccentricity  of  the  wheel  will,  by  varying  the 
dimension  between  the  circumference  and  the  fixed  stop, 
allow  the  click  either  too  much  space,  so  that  it  locks  the 
wheel  inefficiently,  or  too  little  space,  in  which  case  it  will 
jam.  The  propulsion  click  in  this  movement  is  carried  up 
against  the  fixed  stop  whether  the  wheel  is  eccentric  or  not, 
and  runs  no  risk  of  becoming  jammed,  but  remains  perfectly 
free  to  slide  out  on  the  dead  surface  of  the  next  tooth  in 
response  to  an  electrical  impulse  of  any  duration,  provided 
it  is  not  less  than  looth  of  a  second.  Another  point  to  be 
noted  is  that  when  only  two  clicks  are  used,  and  these  are 
placed  near  one  another  on  the  circumference  of  the  wheel, 
there  is  no  difficulty  in  adjusting  them  nor  any  necessity  for 
accuracy  of  workmanship. 

This  movement  is  particularly  suitable  for  operating 
turret-clocks  in  which  the  hands  are  exposed  to  the 
weather.  The  usual  turret-clock  consists  of  an  ordinary 
eight-day  time-piece  built  upon  a  scale  proportionate  to  the 
increased  diameter  of  its  dial.  It  is  a  difficult  thing  to  build 
an  accurate  time-measurer  of  such  a  large  size,  and  in  spite 
of  Lord  Grimthorpe's  invention,  which  prevents  the  wind 
pressure  on  the  hands  affecting  the  escapement,  it  is  seldom 
accurate  and  always  costly.  Inasmuch  as  the  only  require- 
ment is  to  revolve  the  hands  at  a  given  rate,  it  is  obviously 
economical  to  accomplish  this  by  so  much  brute  force 
supplied  on  the  spot  and  controlled  by  a  time  circuit  or  a 
self-wound  electrical  pendulum  of  reasonable  size  if  no  such 
circuit  is  available.  It  is  of  course  necessary  to  provide  a 
vei*y  large  margin  of  power  to  overcome  exceptional  resist- 
ance, such  as  a  gale  of  wind  or  the  accumulation  of  snow 
up  the  minute-hand.  Consequently  a  much  larger  size  of 
our  electrical  step-by-step  movement  is  required,  and  as 
the  inertia  of  its  parts  is  necessarily  much  greater,  the 
duration  of  the  contact  of  an  ordinary  time-circuit  would 
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be  insuflScient  to  operate  it.  We  therefore  drive  it  by  a 
separate  battery  in  a  local  circuit  controlled  by  a  relay  in 
the  time-circuit.  This  relay  is  electrically  interlocked  with 
the  large  dial  movement  so  that  the  latter  can  take  its  own 
time  to  complete  its  cycle  of  operations,  the  last  of  which 
is  the  breaking  of  its  own  local  circuit.  This  arrangement 
is,  I  think,  clearly  expressed  in  the  accompanying  diagram 
(Fig.  5),  and  does  not  require  further  description.  It  will 
be  noticed  that  the  primary  electro- magnet  of  the  relay  is  in 
the  time-circuit,  and  that  a  contact  of  the  shortest  duration 


Fig.  5. 

will  suffice  to  start  the  secondary  mechanism  upon  its  work, 
which  it  will  then  perform  in  its  own  time.  Even  where  a 
time-circuit  is  not  available  the  great  expense  of  the  customary 
turret-clock  movement  may  be  saved  by  using  an  ordinary 
self-wound  pendulum  and  escapement  in  mechanical  com- 
bination with  a  large  step-by-step  dial  movement ;  but  the 
available  space  in  this  short  paper  prevents  a  description  of 
it  here.  I,  however,  exhibit  a  model,  which  will  serve  to 
show  that  for  this  particular  purpose  an  individual  and 
independent  self-wound  clock  is  justified  by  its  efficiency 
and  economy. 

Referring  again  to  the  small  edition  of  the  step-by-step 
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movement  illustrated  in  Fig.  3,  let  us  apply  a  rough-and- 
ready  means  of  ascertaining  the  minimum  duration  of 
contact  to  which  they  will  respond  by  putting  a  few  of 
them  in  series  with  a  vibratory  interrupter.  I  take  an 
ordinary  electric  bell  for  this  purpose,  and,  removing  the 
bell,  adjust  the  hammer  to  a  periodicity  of  about  25  per 
second.  You  will  observe  that  the  dials  in  circuit  with  it 
duly  revolve  at  the  rate  of  12  hours  per  minute,  and  that 
whenever  I  break  the  circuit  they  stop  at  exactly  the  same 
half-minute,  having  kept  perfectly  in  step.  This  test  is  of 
course  unnecessarily  severe,  and  it  leads  me  to  ask  in  all 
seriousness  whether,  when  such  step-by-step  dials  which 
have  not  been  specially  designed  for  rapidity  will  work 
synchronously  in  response  to  such  rapid  and  imperfect 
electrical  impulses,  they  will  not  serve  to  distribute  time 
in  a  wholesale  manner  from  house  to  house  when  controlled 
by  a  properly  equipped  central  time  station. 

In  such  an  undertaking  we  must,  before  all  things, 
realise  the  enormous  responsibility  that  public  time-service 
carries  with  it.  With  our  present  method  there  is  at  any 
rate  some  security  in  numbers,  and  knowing  that  no  two  of 
our  ordinary  household  clocks  ever  agree  we  only  expect 
approximate  time,  and  refer  to  our  watches  when  greater 
accuracy  is  required.  In  an  electric  light  service  a  break- 
down betrays  itself  immediately,  but  in  a  time-service  the 
stopping  of  one  or  more  dials  is  an  unannounced  and 
insidious  evil.  Perfect  synchronisation  and  immunity  from 
breakdown  is  therefore  necessary  in  any  system  of  Electric 
Time  Distribution.  There  is,  however,  no  need  to  starve  it. 
A  hundred  pounds  or  so  would  equip  a  central  station 
lavishly,  and,  as  the  earning  power  of  the  lines  is  great 
(enormous  when  compared  with  systems  of  synchronisation 
or  correction),  they  should  be  laid  as  carefully  as  electric 
light  cables. 

Lest  we  be  tempted  to  allow  considerations  of  economy 
to  outweigh  those  of  security,  let  me  quote  Antwerp  as  an 
object  lesson.  For  about  fifteen  years  endeavours  have 
been  made  in  that  city  to  work  a  hundred  street-corner  dials 
on  overhead  lines  radiating  in  all  directions  from  a  central 
time  station,  and  earthed  at  their  extremities.  It  is  true 
that  their  step-by-step  movements  and  the  switches  to 
control  them  were  partly  at  fault,  but  no  circuit  could  be 
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considered  safe  which  a  storm  might  interrupt  and  a  falling 
telephone  line  might  short-circuit.  The  Antwerp  instal- 
lation has  now  been  abandoned. 

Several  suggestions  have  been  made  for  utilising  existing 
electric  light  networks  for  time  service,  but  though  interest- 
ing they  are  impracticable,  and  I  must  therefore  deny  myself 
the  pleasure  of  dealing  with  them  here.  In  the  equipment 
of  a  central  time  station,  it  would  be  wise  to  provide  two 
automatic  timed-switches  (such  as  those  described  in  Fig.  3) 
and  a  sentinel  switch  of  a  simple  form,  of  which  I  show 
you  a  drawing,  to  transfer  the  load  in  the  event  of  the 
one  in  operation  stopping  from  any  cause.  They  would 
carry  all  the  current  required  in  an  area  of  several  square 
miles,  the  spark  being  of  course  shunted  through  a  non- 
inductive  resistance.  It  would  be  convenient  to  use  low 
resistance  magnets,  and  to  put  any  number  from,  say,  50  to 
100  receivers  in  series.  The  switch  operates  several  such 
circuits  in  parallel.  I  think  it  would  be  unwise  to  risk  the 
safety  of  time  mains  by  allowing  them  to  circulate  in  any 
building.  I  would,  therefore,  confine  them  to  street  clocks 
and  relays  placed  in  similar  positions  to  meters,  from 
which  sub-circuits  in  each  building  could  be  operated.  An 
ordinary  relay,  however,  would  be  quite  unsuitable  to  such 
a  purpose ;  instead,  we  should  use  the  pattern  I  show  you, 
in  which  the  duration  of  the  contact  is  dependent  upon  the 
electrical  inertia  of  the  circuit  it  serves,  and  so  designed 
that  it  refuses  to  work  at  all  unless  the  battery  power  in  the 
sub-circuit  is  sufficient  to  run  its  dials  with  safety.  Thus 
responsibility  for  failure  in  local  circuits  would  be  decen- 
tralised, and  a  glance  at  the  relay  would  show  whether  the 
fault  was  insufficiency  of  the  local  battery  or  a  break  in  the 
local  line. 

Once  a  reliable  time-service  is  established  we  shall 
recognise  its  utility  for  many  other  things  besides  turning 
the  hands  of  our  clocks.  It  will  be  required  for  operating 
tally  clocks  and  watchman's  watchers  in  factories,  for  ringing 
bells  at  pre-arranged  times  in  schools,  for  speed-recorders 
in  engine  rooms,  for  automatic  cut-in  and  cut-out  switches 
for  arc  lamps,  and  last,  but  by  no  means  least,  to  enable  us 
to  supply  the  most  simple  and  efficient  form  of  electricity 
meter  imaginable. 

Is  it  possible  that  such  a  simple  method  of  electrical 
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distribution  of  time  will  suffice  ?  I  maintain  that  it  is, 
provided  the  principles  upon  which  the  dial  movements 
are  designed  and  the  electrical  impulses  are  produced  and 
distributed  are  correct.  You  will  tell  me  that  key-wound 
clocks  are  reasonably  serviceable,  and  that,  thanks  to  the 
accumulated  force  of  centuries  of  industry  and  millions  of 
capital,  independent  timekeepers  can  now  be  bought  for 
IS.  6^d.  each.  You  will  say  that  the  vested  interests  of  the 
clock-making  trade  are  too  powerful  to  admit  of  such  rix^lry. 
But  to  this  I  reply  that  the  best  is  bound  to  win  in  the  long 
run,  and  that  one  wheel  giving  uniformity  and  accuracy 
without  weekly  winding  is  better  than  the  five  or  six  wheels, 
the  escapement,  and  the  pendulum  of  an  ordinary  clock 
which  requires  weekly  attention. 

With  a  capital  outlay  of  only  a  few  pounds,  and  without 
organisation,  already  several  large  blocks  of  offices  in  the 
City  have  this  time-service  installed,  the  tenants  gladly 
paying  £i  is.  per  dial  for  the  first  year  and  los.  6d.  per 
dial  per  annum  afterwards,  and  even  at  these  low  figures 
the  business  offers  tempting  prospects  to  the  financier.  At 
such  a  popular  price  it  would  not  be  unreasonable  to  expect 
that  electrically  propelled  dials  will  be  required  in  50  per 
cent,  of  the  offices  in  a  busy  district  of  the  City,  Greenwich 
Mean  Time  being  guaranteed,  and  no  charge  being  made  for 
erection  in  addition  to  the  rental.  Further,  the  tenants 
would  be  spared  the  inconvenience  of  the  weekly  visits 
of  the  clock-winder.  We  must  not  wait  for  the  municipal 
authorities  to  establish  a  public  time-service  in  the  streets, 
for  they  never  yet  in  this  country  took  the  rdle  of  pioneers. 
It  is  not  sufficient  for  them  that  the  majority  of  the  more 
important  towns  of  the  Continent  have  for  years  considered 
street-timing  as  much  their  duty  as  street-lighting  and 
street-cleaning,  particularly  as  existing  systems  have  not 
been  uniformly  successful.  Private  enterprise  must  lead 
Uie  way.  The  commercial  considerations  have  been 
carefully  looked  into,  and  the  existence  of  a  demand 
for  such  a  service  has  been  proved.  I  believe  I  have 
demonstrated  by  theory  and  practice  that  these  instruments 
art  capable  of  supplying  it,  and  that  it  now  only  requires 
the  Electrical  Engineering  profession  to  take  it  in  hand  to 
establish  public  time-service  on  the  same  firm  footing  as 
tflectrical  light  supply. 
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Mr.  A.  J.  LOXD  :  It  would  ill  become  me  to  say  anything  derogatory  Mr.  Lund. 
to  the  very  interesting  paper  to  which  we  have  listened  to-night,  and 
after  the  kindly  terms  in  which  the  author  has  spoken  of  me  and  of  the 
system  with  which  my  name  has  been  so  long  associated,  if  I  make  any 
remarks,  they  will  rather  be  touching  upon  points  in  which  Mr.  Hope- 
Jones  and  m3rself  would  be  equally  interested,  than  depreciatory  of  the 
author's  system. 

First  of  all,  I  demur  to  the  way  in  which  he  divides  up  the  kinds  of 
electric  clocks.  I  doubt  if  the  division  he  makes  is  one  which  will  be 
readily  apprehended  by  the  public  generally.  I  think  it  would  be  better 
understood  if  they  were  divided  into  "  Impelled  Clocks,"  "  Controlled 
Clocks,"  and  "Synchronised  Clocks."  Those  are  three  descriptions 
which  are  readily  understood.  The  Impelled  Clock  is  one  which,  as  in 
Mr.  Hope-Jones'  system  and  others,  is  driven  by  the  current  itself.  The 
Controlled  Clock  is  one  which  is  controlled  by  the  pendulum.  When 
the  clock  goes  the  pendulum  is  not  allowed  to  go  wrong ;  it  is  made  to 
go  right ;  and  therefore,  by  controlling  the  vibrations  of  the  pendulum, 
yon  control  accurately  the  time  of  the  clock.  The  other  kinds  of  clocks 
are  those  with  which  I  have  myself  been  associated  for  nearly  twenty 
years,  namely.  Synchronised  Clocks.  The  object  of  these  clocks  is  to 
have  an  independent  timekeeper  which,  whatever  hap(>ens,  would  never 
be  worse  than  an  ordinary  clock,  which  certainly  ought  not  to  vary  by 
more  than  a  very  small  part  of  a  minute  in  a  day.  The  object  is  this  : 
As  the  clock  goes  round,  the  time  current  is  made  to  clip  the  minute 
liand  and  set  it  exactly  right  every  hour.  Two  of  the  advantages  of  the 
system  are  these :  First,  you  are  not  without  the  time  if  the  line  breaks 
down,  and  if  the  clock  is  fairly  well  regulated  you  certainly,  even  then, 
ought  not  to  be  half  a  minute  out  after  twenty-four  hours.  Another 
advantage  is  that,  supposing  that  there  be  a  break-down,  and  that  for 
three  or  four  hours  the  time-signal  fails,  when  at  last  it  does  arrive 
fifteen  out  of,  say,  twenty  or  thirty  clocks  on  the  circuit  would  probably 
be  put  right  by  it,  and  then  the  circuit  goes  on  as  usual.  In  impelled 
clocks  there  is  the  corresponding  disadvantage  that,  supposing  your 
line  breaks  down,  the  hands  are  most  likely  at  different  parts  of  the 
dials,  according  as  you  are  at  one  side  of  the  break-down  or  the  other. 
If  that  break-down  were  on  your  line,  the  clocks  on  this  side  of  the 
earth  would  continue  to  act,  whereas  those  on  the  other  side  of  the 
earth  would  break  down,  and  you  would  be  obliged,  in  spite  of  not 
liking  the  services  of  the  clock-winder,  to  send  somebody  round  to  set 
the  whole  of  them  right  to  some  particular  minute,  in  order  that  they 
might  all  start  off  again. 

With  regard  to  impelled  and  controlled  clocks,  some  years  ago  my 
firm  had  the  control  of  the  whole  of  the  Post  Office  clocks  in  London. 
About  the  time  that  our  contract  was  expiring  there  was  an  electrical 
step-by-step  system  of  clocks  put  up  (I  do  not  know  by  whom)  at  Mount 
Pleasant  I  was,  however,  soon  telegraphed  for  to  wind  up  the  ordinary 
clock  in  one  of  the  rooms,  and  to  disconnect  the  clock  which  was  going 
step-by-step,  as  the  continued  click  of  the  latter  was  too  disturbing  to 
the  occupant  of  the  room.  Even  after  this,  for  three  months,  I  continued 
to  receive  telegrams  to  wind  the  ordinary  clocks,  because  the  step- by- 
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Mr.  Lund.      ^^cp  clocks  had  brokcn  down.    This  was  necessary  in  order  that  the 
office  might  not  be  without  time. 

The  question  of  battery  power  is  one  of  which  perhaps  Mr.  Hope-Jones 
has  not  had  the  experience  which  I  have  had.  To  find  a  battery  which 
will  admit  of  constant  use  is  a  very  difficult  matter,  and  even  if  we  use 
it  only  once  an  hour  we  find  that  it  soon  breaks  down.  But  when  you 
come  to  take  current  from  batteries  every  half -minute,  and  have  only 
half  a  minute  to  allow  them  to  recuperate,  you  will  want  something 
better  than  a  Leclanche  battery  before  you  will  be  able  to  keep  the 
clocks  going  and  be  quite  sure  that  your  battery  will  not  break  down. 

One  word  about  Mr.  Pond's  system,  which  was  introduced  here 
some  years  ago.  The  author  remarks  that  all  synchronised  clocks  are 
supposed  to  be  key-wound,  independent  clocks  ;  but  Mr.  Pond's  inten- 
tion was  to  break  away  from  that :  he  had  a  distinqt  system  of 
synchronisation.  His  idea  was  to  have  self-wound  clocks  which  would 
wind  themselves  by  means  of  a  local  battery,  so  that  each  clock  was  an 
electrical  clock  ;  but,  not  being  all  electrically  connected,  if  one  broke 
down  the  others  did  not  necessarily  break  down  also.  Then  he 
connected  all  those  clocks  upon  a  synchronising  system  in  order  to 
correct  any  errors  in  the  going  of  the  clock. 

Then,  as  to  the  duration  of  those  clocks,  which  has  also  been  touched 
upon  in  the  paper.  I  have  had  one  of  them  going  in  Fitzjohn's 
Avenue  for  seven  or  eight  years  at  least,  and  the  battery,  instead  of 
having  broken  down,  I  am  glad  to  say,  has  been  in  the  habit  of  lasting 
from  two  to  three  years  before  it  required  to  be  renewed.  I  should  like 
to  point  out  that,  in  my  experience,  local  batteries  should  not  be  put  in 
cellars  or  cupboards.  You  cannot  put  them  in  a  better  place  than  in 
a  corner  under  the  brickwork  of  the  window,  out  in  the  open  air, 
exposed  to  all  the  variations  of  temperature.  A  battery  placed  there 
will  last  six  times  as  long  as  it  would  anywhere  else. 

The  Silvertown  Company,  at  the  time  I  was  floating  Mr.  Pond's 
patent  in  this  country,  took  much  trouble  to  get  a  battery  which  would 
be  suitable  for  my  purpose,  and  succeeded  in  producing  a  very  small 
contact  t)attery  which  would  go  inside  any  ordinary  dial  case,  and  I 
have  known  them  last  three  years,  winding  the  clock  hourly,  before  they 
broke  down ;  although  in  other  cases,  of  course,  they  have  not  lasted  so 
long.  My  assistant  has  one  in  his  house  which  has  been  going  ever 
since  it  was  started,  seven  years  ago.  Some  of  you  will  know  of  an 
interesting  attempt  made  by  the  late  Mr.  De  La  Rue  to  have  a  clock  going 
in  his  works  controlled  from  Greenwich.  I  think  it  was  put  in  the  same 
circuit  as  Mr.  Walker's  clock,  referred  to  by  the  author,  at  London 
Bridge.  The  idea  was  to  have  a  pendulum  electrically  controlled  every 
second,  or  at  each  sw4ng  of  the  pendulum,  by  a  current  sent  from 
Greenwich.  But  Mr.  De  La  Rue  got  so  tired  of  the  break-down  of 
the  impelled  clock  that  he^  had  the  impelling  process  taken  away  and 
a  synchroniser  put  on  the  clock.  I  am  not  sure  if  the  synchroniser  is 
there  to-day,  but  anyway  the  impelled  clock  had  to  give  place  to  the 
synchroniser. 

Having  touched  upon   this   question,  I   must  refer  to  Mr.  Hopc« 
Jones*  statement  that  one  great  objection  to  synchronisation  is  the 


Digitized  by  LjOOQ  IC 


1899.:  DISCUSSION.  143 

small  use  to  which  j-ou  put  your  lines.  He  forgets  that  if  you  put  your  ^^'  ^""^' 
lines  to  small  use,  you  put  your  battery  to  small  use  ;  and  if  you  put  your 
lines  to  great  use,  you  put  your  batteries  to  great  use ;  and  therefore, 
while  you  cannot  break  your  lines  down  by  sending  a  battery  current 
through  them,  you  can  break  your  batteries  down  by  using  the  battery 
power  through  the  lines.  I  think  that  will  be  found  a  very  serious  matter. 
The  author  says  that  we  prefer  a  clock  which  goes  inaccurately  to  a 
stopped  clock.  That  is  so.  We  prefer  a  clock  that  shall  go  and  show 
us  the  time  within  reasonable  limits  to  no  clock  at  all,  because  //  the 
clock  stops  it  ceases  to  be  a  clock,  A  remark  was  made  in  the  paper 
about  the  wrecks  strewn  upon  the  shore  wherever  persons  had  tried  to 
operate  these  step-by-step  clocks.  They  are  everywhere,  and  I  can 
present  the  lecturer  with  not  a  few.  I  have  worked  at  the  subject,  and  I 
have  known  what  it  is  to  be  disappointed.  I  can  only  say  that  I  hope  his 
system  will  not  suffer  with  the  rest.  But  these  wreckages  have  produced 
a  serious  prejudice  in  the  minds  of  the  British  public  against  step-by- 
step  clocks,  or  rather  I  should  say  that,  as  these  things  produce  so  many 
wrecks,  I  fear  the  public  will  decline  to  undertake  the  use  of  a  system 
which  most  likely  would  only  add  another  wreck  to  the  many  that 
already  exist 

Mr.  Haydn  T.  Harrison  :  Mr.  Hope-Jones'  paper  has  interested  me  Mr. 
particularly,  because  I  was  connected  as  electrical  adviser  with  the  com-   Hamson. 
pany  which  is  s)mchronising  clocks  all  over  London  on  Mr.  Lund's 
system,  and  during  that  time  I  had  a  chance  of  finding  out  exactly  what 
the  faults  were  and  to  what  the  failures  were  due  in  electrically  syn- 
chronised clocks.     As  Mr.  Hope-Jones  says,  the  lines  we  employed 
were  only  used  once  an  hour  to  correct  the  time,  but  they  were  over- 
head lines,  and  we  found  that  it  was  as  much  as  we  could  do  to  keep 
them  in  order,  the  intervals  between  the  hours  of  synchronisation 
giving  an  opportunity  for  repairing  them.     It  would  be  hopeless  to  talk 
about  using  clocks  in  which  the  impetus  is  sent  out  every  half-minute, 
if  you  intend  to  employ  overhead  lines.     I  am  sure  that  in  London, 
at  any  rate,  it  would  prove  a  failure.    Then  the  question  comes  as  to 
whether  it  would  be  possible  to  use  underground  lines.    I  have  thought 
seriously  over  that  question.    Of  course  there  are  all  the  difficulties  and 
troubles — ^which  are  not  to  be  despised  in  London  now— of  getting  per- 
mission to  put  down  underground  lines ;  but  granted  the  permission, 
would  it  pay  you  to  lay  down  a  line  which  has  perhaps  a  potential 
difference  of  200  volts  on  it  impressed  by  the  battery,  and  the  large 
self-induction  which,  with  all  the  magnetic  relays  proposed,  would  cause 
the  potential  to  be  very  high  at  the  break  on  every  occasion  ?    Would 
it  pay  you  to  lay  a  line  which  requires  all  that  amount  of  insulation  for 
the  simple  purpose  of  actuating  clocks  ?    That,  I  think,  is  the  question 
to  be  put  on  a  financial  basis  before  any  one  attempts  to  propose  a 
universal  system  of  electrically  actuated  clocks.    I  am  seriously  doubt- 
ful of  it,  at  the  prices  named   in  this  paper.     Moreover,  I  do  not 
think  you  would  find  it  would  be  universally  taken  up  on  those  par- 
ticular terms,  and  if  you  reduce  the  terms  you  have  still  less  chance  of 
paying  the  interest  necessary  on  the  monetary  outlay  on  the  under- 
ground wires  and  other  plant  necessary  for  that  class  of  work.     For 
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these  reasons  I  do  not  think  that  on  this  basis  it  could  ever  be  made  a 
financial  success,  although  it  would  be  very  pleasant  to  know  that  our 
clocks  are  keeping  somewhat  near  standard  Greenwich  time.  I  think 
the  system  of  hourly  synchronisation,  which  at  present  prevails,  and 
which  is  very  successful,  is  one  that  will  always  continue,  and  for  which 
I  believe  there  will  always  be  a  demand ;  and  if  it  can  only  be  worked,  as 
I  fancy  it  is  now  being  worked,  with  a  little  more  expenditure  on  the 
lines,  subscribers  would  come  on  very  rapidly,  because  they  would 
know  that  whether  their  clock  is  working  correctly  or  not  they  can  be 
sure  of  a  signal  every  hour  correcting  the  clock  and  giving  them 
the  absolute  Greenwich  time,  which  is  obviously  particularly  useful 
to  scientific  people  or  clock-makers,  or  people  who  have  to  go  by 
Greenwich  time. 

The  ingenuity  which  Mr.  Hope-Jones  has  displayed  in  some  of 
the  mechanisms  he  has  put  before  us  has  struck  me  as  being 
marvellous,  and  particularly  his  standard  clock  for  sending  out  the 
half-second  impulses,  but  I  am  afraid  that  the  actual  dial  movements 
would  suffer  in  the  course  of  time  from  a  good  deal  of  wear  and  tear, 
because,  as  everybody  knows,  water  dropping  continually  will  wear 
away  a  stone,  and  so  that  continuous  series  of  strokes  on  the  wheels 
will  no  doubt,  unless  those  wheels  are  made  of  steel,  in  course  of  time 
wear  the  dials  ;  but,  perhaps,  as  dials  are  cheap  that  would  not  matter 
much. 

Mr.  J.  S.  Ra WORTH  :  When  we  get  rival  inventors  of  clock  systems 
together  we  discover  that  each  of  them  would  rather  that  wc  went  on 
using  the  old-fashioned  clocks  than  that  we  should  use  the  modern 
system  of  the  other  inventors.  I  should  like  to  look  at  this  matter  from 
not  quite  so  pessimistic  a  point  of  view  as  Mr.  Harrison.  He  is  of 
opinion  that  this  system  cannot  be  made  to  pay  on  account  of  the  great 
difficulties  of  distributing  the  current.  There  is  no  doubt,  however, 
that  it  does  pay  already  in  some  places.  Take  the  case  of  large  hotels 
with  400  or  500  rooms  :  it  is  not  until  you  have  lived  in  one  of  them 
for  a  week  and  found  how  very  inconveniently  the  clock-winder  times 
his  visits  that  you  really  begin  to  appreciate  the  advantage  of  an 
electrically-propelled  clock.  I  have  had  some  experience  of  these 
clocks  in  Paris.  There  is  one  thing  about  which  I  wish  Mr.  Hope- 
Jones  to  assure  us  before  the  discussion  is  finished,  and  that  is  as  to  the 
noise.  When  you  go  to  bed  in  Paris  you  are  worried  by  the  inter- 
mittent **  tick  "  of  the  electric  clock.  You  start  and  wonder  what  it  is. 
Time  after  time  you  are  disturbed  by  it  just  as  you  are  dropping  off  to 
sleep,  and  finally  you  get  out  of  bed  and  shut  off  the  switch  and  you 
have  done  with  it.  I  think  that  will  be  one  of  the  difficulties  which 
Mr.  Hope-Jones  will  have  to  surmount. 

When  I  came  into  this  room  I  thought  I  had  nothing  to  say  on 
clocks,  but  when  I  saw  the  diagrams  I  remembered  that  I  went  througli 
all  this  experience  some  years  ago  in  trying  to  make  ship  signals  syn- 
chronise by  electricity.  If  I  had  only  had  Mr.  Hope-Jones'  paper  at 
hand  at  that  time,  I  have  no  doubt  that  my  experiments  would  have 
come  to  a  successful  issue  instead  of  being  a  total  and  complete  failure. 
I  hope  that  the  gentlemen  who  arc  working  on  these  lines  will  study 
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that  action  very  carefully,  because  it  is  very  ingenious,  and  so  far  as  I 
can  see  it  ought  to  be  perfectly  reliable. 

Mr.  A.  H.  Bateman  :  I  should  like  to  say  a  word  or  two,  not  so 
much  from  the  scientific  as  from  the  practical  side.  I  started  making 
an  electrical  clock  in  my  earlier  days,  and  have  watched  clocks  of  this 
type  with  much  interest  ever  since,  and  nearly  two  years  ago  that 
interest  culminated  in  my  finding  accidentally  one  of  the  early 
pamphlets  of  Mr.  Hope- Jones.  I  did  not  then  know  the  gentleman  at 
all,  but  as  I  was  inquiring  about  a  good  clock  for  a  parish  hall  at 
Lewisham,  I  instructed  my  own  mind  as  to  this  new  system,  and  it 
ended  in  my  bujdng  a  clock,  and  then  two  more,  and  then  a  fourth  ; 
and  I  have  been  watching  with  scientific,  horological,  and  electrical 
interest  the  performances  of  these  clocks,  which  have  now  been  going 
for  nearly  two  years — an  1 8-inch  dial  in  the  parish  hall ;  a  12-inch  dial 
in  the  club  room  attached,  some  300  feet  away ;  a  lo-inch  dial  in  the 
artists'  room  ;  and  a  4-inch  dial  in  the  kitchen.  They  have  gone  on  one 
set  of  batteries — Siemens'  Obach  batteries — ^absolutely  well.  They  have 
kept  most  admirable  time,  and  on  only  one  occasion  to  my  knowledge 
was  there  an3rthing  disagreeable  about  them.  That  was  when  the 
"click  "  which  the  last  speaker  described  occurred  in  the  clocks  on  the 
occasion  of  some  private  theatricals,  and  the  hall-keeper  had  to  stop 
the  pendulum.  I  circumvented  the  difficulty  by  fastening  two  pieces  of 
old  felt  carpet  on  the  wall  behind  the  clock-case,  that  is  between  the 
clock-case  and  the  brick  wall.  Since  that  there  has  been  no  more 
trouble,  for  the  clock  is  quite  inaudible.  When  I  went  to  report  to 
Mr.  Hope-Jones  about  this  he  showed  me  a  clock  that  he  had  recently 
brought  out,  which  is  absolutely  silent.  Therefore  that  difficulty  can 
be  overcome.  I  ought  to  mention  that  in  one  instance  somebody 
knocked  the  kitchen  clock  off  the  nail,  but  the  other  three  clocks 
continued  to  keep  perfectly  good  time,  while  even  the  clock  itself, 
although  hanging  from  its  wires,  was  also  going  true  to  time.  Its 
being  out  of  level  did  not  matter  at  all.  I  venture  to  think  there  are 
very  few  ordinary  clocks  which  would  have  stood  that  ordeal. 

Mr.  W.  H.  Stockall  :  There  is,  without  doubt,  a  very  big  future  stockaU. 

for  electric  clocks,  but  much   depends   upon  getting  the  right  and 

proper  system.    With  regard  to  Mr.  Hope-Jones'  clocks,  I  put  my  hand, 

before  the  meeting  began,  on  the  minute  hand  of  one  of  the  turret 

flocks  exhibited,  just  by  way  of  putting  a  little  wind  pressure  on,  and  away 

went  the  hands  for  a  quarter  of  an  hour  at  one  "  chck."    That  does  not 

look  as  though  the  step-by-step  motion  were  secured  there.    But  there 

is  a  clock  at  Liverpool  Street  Station  with  four  six-foot  dials  fitted  with 

a  aew  one-wheel,  step-by-step,  movement  that  has  as  yet  only  reached 

the  stage  of  provisional  protection  at  the  Patent  Office,  and  I  will  defy 

anytxKiy,  by  putting  a  ton  weight  on   to  the   hands,  to  move   that 

more  than  one  tooth  at  a  time,  although  exposed  freely  to  wind  and  to 

the  dirt  and  corrosion  inseparable  from  a  railway  station. 

Mr.  Lund  referred  to  the  system  of  electrical  clocks  installed  at  the 
^Vcst  Central  Post  Office.  These  were  made  by  a  Belgian  firm,  The 
Electrical  Time  Recording  Company ,  and  my  firm  installed  the  clocks  for 
ttidSL    That  system,  from  the  time  it  was  inaugurated,  has  gone  to 
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perfection,  and  is  still  in  existence,  and  at  the  present  moment  the  Tothill 
Fields  Post  Office  has  not  a  mechanical  clock  in  the  place,  nor  has  it 
ever  had  one  since  it  was  built.  He  then  spoke  about  a  gentleman  being 
worried  at  one  of  the  offices,  and  his  having  to  wind  the  ordinary  clock 
in  his  office  because  he  could  not  bear  the  click  of  the  electrical  clock. 
I  remember  the  incident  very  well.  It  was  also  in  connection  with  the 
Belgian  system,  the  clocks  of  which  do  make  a  nasty  click,  like  tliose  of 
Mr.  Hope-Jones*  system  and  many  other  systems.  The  igentleman  who 
occupied  the  office  was  very  irritable,  and  the  clock  was  done  away 
with.  But  the  electrical  clocks  in  all  the  other  departments  still  go  on 
and  give  perfect  satisfaction,  and  remain  under  our  control.  Much 
stress  has  been  placed  upon  the  silencing  of  electrical  clocks.  I  have 
them  in  my  own  home  in  every  room,  and  they  are  as  silent  as  can  be. 
With  a  little  rubber  attachment  they  can  be  made  so  silent  that  you 
would  not  know  there  was  a  clock  in  the  room  at  all.  With  regard  to 
the  magnitude  of  the  system,  when  properly  carried  out,  and  by  a 
definite  step-by-step  movement,  I  may  say  that  at  Liverpool  Street 
Station  and  at  Wolf  erton  Station  we  have  at  the  present  time  the  whole 
of  the  station,  signal-boxes,  telegraph-offices,  and  booking-halls,  all 
controlled  perfectly  and  positively,  and  doing  their  work  accurately 
and  well ;  and  the  Post  Office  authorities  are  so  far  satisfied  with  our  new 
system,  that  they  have  ordered  their  new  premises  at  Mount  Pleasant, 
where  they  have  some  2,000  or  3,000  sorters,  to  be  entirely  fitted  up 
with  the  same  electrical  clocks. 

The  most  serious  question  for  the  whole  system  is  the  battery  power 
required.  I  notice  that  the  clock  exhibited,  which  has  5-ft.  hands,  has 
seven  dry  cells  to  drive  it.  Fortunately  we  are  driving  ours  with  one  ; 
but  at  the  same  time,  whether  you  have  one  or  whether  you  have  seven, 
they  must  in  time  give  out.  We  clockmakers  are  doing  our  very 
utmost  to  introduce  into  the  market  a  reliable,  sound,  commercial 
system,  and  we  rely  upon  you  electrical  engineers  to  find  us  some  sort 
of  constant  battery  that  really  won't  fail  us  in  the  time  of  need.  I 
have  read  and  re-read  Mr.  Hope-Jones*  paper  very  carefully  indeed, 
but  can  only  say  that,  while  thanking  him  exceedingly  for  it,  it  does 
not  appear  to  have  advanced  beyond  what  he  told  me  three  years  ago 
at  the  Horological  Institution. 

The  President  :  Some  time  ago  I  had  occasion  to  go  over  the  new 
building  of  the  Institution  of  Mechanical  Engineers,  and  I  found  that» 
the  whole  of  the  buildings  wercj  fitted  with  Mr.  Hope- Jones*  clocks.  I 
also,  not  long  ago,  was  invited  to  pay  a  visit  to  the  new  building  of  the 
Surveyors'  Institute,  and  there  also  I  found  Mr.  Hope-Jones*  clocks 
installed  all  over  the  building.  Is  there  any  one  here  who  knows 
whether  clocks  in  those  two  places  have  been  giving  satisfaction  ? 

Mr.  Edgar  Worth ington,  in  response,  said  :  At  the  Institution  of 
Mechanical  Engineers,  where  we  put  in  these  clocks  about  twelve 
months  ago,  although  at  first  we  had  a  great  deal  of  trouble,  due  to 
an  unfortunate  bit  of  wire-laying,  which  had  nothing  to  do  with  the 
clocks,  I  cannot  say  that  they  have  gone  absolutely  perfectly,  but  they 
have  given  almost  perfect  satisfaction,  and  I  believe  Mr.  Hope-Jones, 
who  pays  us  occasional  visits,  is  finding  out  and  putting  right  the  two 
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or  three  little  defects,  where  one  clock  dropped  behind,  for  instance.    **^°^**' 

We  have  a  master-clock  situated  in  the  cool  cellar  and  about  a  dozen  other 

dials,  all  driven  from  the  200  volt  lighting  mains.   The  question  of  noise 

has  troubled  us  a  little,  but  the  clock  which  gave  the  most  trouble  in 

this  direction  is  now  silent,  and  during  the  last  few  weeks  they  have 

been  going  well.    The  Secretary  of  the  Surveyors'  Institute,  Mr.  Rogers, 

tokl  me  that  he  is  satisfied  with  the  installation  in  their  building. 

Professor  Ayrton  :  I  should  like  to  ask  the  author  whether  the  rate 
of  going  of  the  master-clock  is  found  to  be  at  all  affected  by  Xhe 
time-constant  of  the  circuit  to  which  he  alluded.  Is  there  any 
intentional  interval  between  the  lifting  of  the  weight  and  when  it 
begins  to  depress  the  wheel  ?  The  weight  falls  and  makes  a  contact 
with  the  armature  when  it  has  fallen  by  a  definite  amount.  Then  how 
long  it  takes  to  be  raised  depends  on  the  battery  and  the  time-constant 
of  the  circuit.  Supposing  I  were  to  put,  say,  self-induction  in  the 
circuit  and  rather  prolong  the  time  the  weight  takes  to  rise,  would  not 
that  tend  to  make  the  master-clock  go  a  little  slowly  ?  Or  is  there  in 
this  arrangement  an  intentional  interval  of  time  after  the  raising  before 
the  weight  begins  to  introduce  a  driving  force  ?  Some  fifteen  or  sixteen 
years  ago  I  had  to  test  an  electric  clock  in  which  there  was  a  very 
similar  contrivance.  In  that  clock,  if  I  remember  rightly,  there  was  an 
intentional  interval  of  time  between  the  falling  of  the  weight,  that  is  to 
say  before  the  weight  began  to  exert  the  driving  force  and  its  being 
lifted  ;  so  that  although  the  lifting  was  commenced  at  a  given  point,  the 
pendulum  went  on  alone  driving  the  clock  for  a  short  interval  of  time. 
Consequently,  whether  the  weight  was  lifted  rather  quickly  because  of 
the  battery  being  strong,  or  rather  slowly  because  the  battery  was  weak, 
or  becausfe  there  was  a  good  deal  of  self-induction  in  the  circuit,  the  time 
when  the  weight  began  to  exert  the  driving  force  was  always  exactly 
the  bame.  I  think  probably,  however,  the  very  ingenious  arrangement 
which  Mr.  Hope-Jones  has  employed  to  make  contacts  was  not  em- 
ployed, and  that  there  was  a  more  old-fashioned  method  of  making  the 
contact.  I  am  interested  in  the  point  I  have  mentioned  because  I  had 
to  make  a  report  to  the  Council  of  this  Institution  on  that  particular 
clock,  and  it  struck  me  as  being  very  interesting  from  possessing  the 
ingenious  device  to  which  I  have  referred. 

Mr.  G.  W.  Frodsham  :  I  have  not  had  the  paper  long  enough  in  my  p/^^ham 
hands  to  study  all  the  details,  and  therefore  am  not  competent  to  pass 
remarks  upon  some  of  the  minute  points  which  are  very  important. 
The  author  made  some  apology  for  going  into  the  subject  minutely,  but  it 
is  necessary  to  do  so.  The  history  of  electric  time-keeping  during  the 
last  thirty  or  forty  years  may  be  briefly  summed  up.  For  many  years 
it  had  been  considered  that  an  electrically-driven  clock  was  not  to  be 
cooDteoanced,  and  that  an  electrically-controlled  clock  was  the  best, 
that  is  to  say,  some  clock  which  had  in  itself  the  power  of  going 
independent  of  the  current.  At  the  present  time,  when  so  many 
Institutions  are  using  electricity  in  their  buildings  and  there  is  a  staff 
of  electricians  accessible,  these  views  have  been  modified.  Still,  as  a 
olock-maker  and  electrician,  I  hold  that  every  clock  should  have  in  it 
some  internal  force  independent  of  the  current  Of  course  in  Mr.  Hope- 
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FrarL  h  Jones'  system  the  current  may  be  always  perfect  and  reliable,  but  we 

know  in  practice  how  things  sometimes  fail.  If  we  take  that  view,  it  is 
necessary  to  have  some  power  within  the  clock  such  as  that  in  use  in 
the  Belgian  system,  which  is  employed  in  many  places  with  great 
success,  I  believe — although  in  Glasgow  some  were  put  up  which  gave 
trouble  for  a  time. 

The  author  mentions  one  system  which  is  used  in  connection  with 
his  clock.  It  is  that  of  sending  the  current  to  the  houses  and  not 
allowing  it  to  go  through  the  wiring  of  the  house,  to  avoid  interruption 
of  cfr  tampering  with  the  circuit.  In  that  case  the  difficulty  of  attending 
to  the  local  batteries,  or  to  the  batteries  locally  used  in  each  house,  or 
to  the  current  turned  on  by  the  relays  would  still  have  to  be  overcome 
and  still  be  a  source  of  expense. 

Of  course,  as  has  been  pointed  out,  there  is  a  certain  amount  of 
waste  in  not  having  the  current  always  at  work,  but  it  can  easily  be 
made  to  do  more  duty  by  arranging  that  in  a  series  of,  say,  fifty  clocks, 
six  different  clocks  should  be  brought  under  the  influence  of  the  current 
every  ten  minutes  of  the  hour  ;  by  this  means  a  current  of  lower  power 
would  effectually  do  the  work  required.  By  a  mechanical  arrangement 
the  clocks  would  themselves  invite  the  visit  of  the  current  during  a 
period  which  would  range  from  a  little  before  to  a  little  after  the  time 
at  which  the  contact  should  be  made. 

With  regard  to  the  necessity  of  going  into  questions  very  minutely, 
I  may  refer  to  a  matter  within  my  own  horological  experience.  Some 
years  ago  I  thought  it  would  be  useful  to  devise  an  instrument  for 
observatory  use  which  would  give  astronomers  the  opportunity  of 
recording  half-seconds  upon  a  slip  of  paper  such  as  is  used  in  many 
of  their  instruments.  With  that  object  I  determined  to  break  a 
current  every  half-second  by  passing  it  through  the  escapement  of 
the  chronometer.  I  then  visited  Hamburg,  Bremen,  Dresden,  Berlin, 
Vienna,  and  Geneva,  in  order  to  ascertain  what  was  being  done  in  this 
direction  on  the  Continent.  I  found  in  one  or  two  places  that  my  idea 
had  been  partially  anticipated,  and  eventually  found  it  had  been 
thought  of  by  Professor  Plantamour  of  Geneva.  He  had  worked  at 
the  observatory  and  had  discovered  that  the  difficulty  was,  that  the 
current  passing  through  the  escapement  of  the  chronometer,  which 
.  was  a  small  spring  lifted  from  a  stationary  screw,  created  an  attraction 
between  the  spring  and  the  fixed  screw  which  altered  the  rate  of  the 
chronometer.  He  was  therefore  compelled  to  make  two  trains  of 
wheels,  one  to  keep  time  and  the  other  to  make  and  break, 
f-tptiihi  Captain  F.  E.  D.  Acland  ;  I  think  it   must  be  a  source  of  great 

^^^  satisfaction  to  Mr.  Hope-Jones  to  have  had  so  little  real  criticism  on 
the  points  raised  by  him  in  his  paper.  Mr.  Stockall,  I  notice,  was 
]>articularly  strong  on  the  stcp-by-step  movement,  which  is  the  main 
point  of  Mr.  Hope-Jones'  paper.  I  personally  have  been  interested, 
as  an  amateur,  in  the  measurement  of  time.  I  do  not  agree  in  the 
L-lightest  with  Mr.  Lund.  I  think  Mr.  Hope-Jones  has  the  power 
bi^hind  him  to  do  away  with  the  old-fashioned  methods.  I  have  in  my 
o\\n  house,  I  purchased  it  from  Mr.  Hope-Jones  over  three  years  ago, 
quite  the  worst  sample  of  installation  that  he  can  produce.    There  were 
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no  two-dial  movements  the  same.  The  controlling  pendulum  was  very  ^gjjj* 
rough,  and  I  put  it  up  in  an  old  case  in  my  front  hall,  which  is  per- 
petually open  to  the  garden.  When  I  had  controlled  it,  it  went  so 
accurately  that  after  three  months  I  could  not  detect  any  variation 
in  the  half-minute  beat  at  all.  There  was  no  variation.  From  that 
day  I  never  regulated  it  for  nearly  three  years,  and  I  will  undertake 
to  say  that  it  is  running  to-day  within  the  half-minute  beat  It  has 
stopped  once,  I  admit,  owing  to  my  own  fault.  I  went  away  for  my 
summer  holiday,  and  on  my  return  found  the  clock  case  inhabited  by 
a  family  of  earwigs  and  spiders.  I  could,  literally,  have  brushed  off 
the  controlling  instrument  a  fair  handful  of  dirt  and  dust  Owing  to 
that  the  clock  stopped. 

I  have  had  a  similar  clock  in  my  office  for  three  and  a  half  years, 
and  was  much  troubled  by  the  periodical  "click"  until  I  got 
accustomed  to  it.  But  within  the  last  year  I  have  purchased  a  move- 
ment which  is  so  silent  that  when  I  put  my  ear  to  the  case  containing 
it  I  cannot  hear  it.  My  experience,  which  has  been  chiefly  in  gunnery 
work,  has  taught  me  that,  in  attacking  a  problem,  when  you  come  to 
a  difficulty,  the  best  way  is  not  to  invent  new  things  to  get  round  your 
difficulty,  but  to  remove  the  source  of  the  difficulty  itself.  If  the  noise  is 
great.  Mr.  Hope-] ones  and  Mr.  Stockall,  and  those  interested  in  this  class 
of  electrical  work,  have  got  to  remove  the  noise,  and  I  am  quite  certain  it 
can  be  done  if  the  cause  is  discovered.  I  believe  that  Mr.  Hope-Jones 
by  his  long  and  patient  work  is  getttng  down  to  the  bed-rock  of  the 
matter,  and  I  think  the  reason  why  in  the  early  experiments  electrical 
time-service  was  imi>ossible,  was  that  the  knowledge  of  electricity 
twenty  years  ago  was  relatively  so  sm^ll.  If  electrical  engineers  do 
not  overcome  these  electrical  difficulties  there  is  very  poor  hope  for  the 
future.  I  must  congratulate  Mr.  Hope-Jones  on  the  care  which  he  has 
given  to  this  paper. 

Mr.  W.  Ellis,  F.R.S.  [communicated]  :  My  experience  in  regard  to  Mr.  Eiiis. 
the  application  of  electricity  to  horological  purposes  was  confined  to  the 
period  from  1855  to  1874,  when  I  had  charge  of  the  Time  Department 
at  Greenwich  Observatory,  after  which  I  became  occupied  with  other 
duties.  A  sjrstem  of  sympathetic  clocks  on  Shepherd's  principle  had 
been  set  up  in  1852 ;  worked  from  a  central  pendulum  clock,  the 
pendulum  impulse  was  given  at  alternate  beats  by  the  discharge  of  a 
small  weight  raised  by  action  from  a  one-cell  battery,  the  several  other 
clock  trains  being  driven,  second  by  second,  on  Shepherd's  plan,  from 
a  larger  battery ;  the  system  was  thus  wholly  maintained  by  electric 
action.  In  early  times  there  seemed  to  be  an  idea  that  electricity 
should  do  everything,  instead  of  using  it  as  an  auxiliary.  I  should  have 
preferred,  for  the  central  clock  of  the  above-mentioned  system,  an 
ordinary  weight  clock,  making  the  necessary  contacts  for  the  sympa- 
thetic clocks,  for  as  it  gave  the  hourly  time  signals  to  the  Post  Office  it 
was  desirable  to  guard  it  from  the  consequences  of  any  temporary 
accidental  electrical  failure.  The  system  of  sympathetic  clocks,  with 
some  modification,  still,  I  believe,  exists. 

In  regard  to  the  two  systems  of  electrical  control  that  Mr.  Hope- 
Jones  discusses,  (a)  the  correcting  or  synchronising  of  ordinary  clocks, 
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Mr.  EUls.  and  (b)  the  directly  propelling  the  hands  of  secondary  clocks,  I  may 
say  that,  as  respects  the  controlling  of  ordinary  clocks,  I  had  experience 
at  the  Obser\'atory  and  otherwise  of  Mr.  R.  L.  Jones'  system  of  elec- 
trically controlling  other  clocks  by  action  on  their  pendulums,  and  found 
the  system  very  satisfactory.  In  one  case  in  which  we  controlled  a  half- 
seconds  pendulum  on  this  system,  the  aiTangemcnt  of  magnet  and  coil 
was  reversed,  a  small  bar  magnet  being  attached  to  the  pendulum  below 
it,  the  coil  being  fixed  to  the  clock-case.  The  system  was  also  applied 
to  a  chronometer  beating  half -seconds  fixed  to  the  eye-piece  of  one  of 
the  equatorials ;  here  a  small  magnet  was  fixed  centrally  on  the  balance 
staff  of  the  chronometer,  being  encircled  on  one  side  by  a  coil  fixed  to 
the  chronometer  plate.  Mr.  Hopc-Joncs  seems  to  me  to  give  an  im- 
pression that  clocks  controlled  on  R.  L.  Jones*  system  require  to  be 
regulated  to  a  greater  nicety  than  is,  I  think,  the  case.  The  clock 
that  Mr.  Hope- J  ones  speaks  of  as  thus  controlled  at  London  Bridge 
from  Greenwich  was  not  so  worked  ;  it  had  no  pendulum,  and  its  train 
was  driven,  second  by  second,  from  the  central  clock  of  the  Greenwich 
system,  as  were  the  clocks  within  the  Observatory  walls.  Its  perform- 
ance at  this  distance  from  Greenwich  was  not  satisfactory,  and  it  was 
after  some  years  removed.  Had  it  been  a  pendulum  controlled  on  R. 
L.  Jones'  system,  it  would  have  had  a  better  chance. 

With  respect  to  Mr.  Hope-Jones*  method  (b)  in  which  the  distant 
clock  depends  entirely  on  the  transmitted  current,  I  sympathise  very 
much  with  him  in  what  he  says  as  to  the  difficulty  of  contriving  aa 
efficient  step-by-step  movement,  an  obstacle  that  has  no  doubt  retarded 
the  introduction  of  such  clocks.  If  he  has  overcome  this  practical 
difficulty  he  will  have  done  a  good  thing,  and  I  trust  that  it  may  be  so. 
And  even  admitting  that  perfect  clocks  of  this  kind  are  possible,  so  far  as 
their  internal  mechanism  is  concerned,  they  are  still  subject  to  derange- 
ment from  two  external  causes — (i)  failure  of  current,  and  (2)  interrup- 
tion in,  or  rupture  of,  the  communicating  wire.  In  either  case  the 
clocks  would  stop,  which,  in  a  large  system,  even  if  it  seldom  occurred, 
would,  when  it  did  occur,  be  serious.  A  clock  that  continues  to  go  as 
an  independent  clock,  even  with  some  little  error,  appears  to  me  to  be 
preferable  to  one  that  from  the  causes  mentioned  may  come  to  a  stand , 
though  Mr.  Hope-Jones  seems  to  think  otherwise.  It  is  for  the  reason 
mentioned  that  I  rather  cling  to  the  principle  either  of  continuous  con- 
trol, or  of  the  s)mchronising  at  short  intervals,  of  self  contained  clocks, 
although  there  is,  no  doubt,  the  trouble  of  periodically  winding  such 
clocks.  It  is  more  or  less  a  question  of  degree.  If  Mr.  Hope-Jones 
can  ensure  uninterrupted  wire  communication  and  constancy  of 
current,  and  if  his  step-by-step  movement  be  as  reliable  as  he  appears 
to  say,  we  may  then  congratulate  him  on  having  developed  a  system 
that  may  be  of  great  benefit.  But  there  must  be  no  failures,  or  next 
to  no  failures.  For  it  is  when  there  is  any  possibility  of  such  occurring 
that  the  superiority  of  the  principle  of  control  over  that  of  driving 
comes  in. 

With  reference  to  Mr.  Hope- Jones'  remark  on  the  little  progress 
made  in  the  application  of  electricity  for  the  promotion  of  more 
accurate  timekeeping,  I  may  mention,  as  a  matter  of  history,  that  in 
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the  year  1866  I  accompanied  a  deputation  from  the  British  Horological  Mr.  Eiiis. 
Institute  to  a  committee  of  the  Court  of  Common  Council  of  the  City 
of  London  urging  the  establishment  of  public  controlled  clocks  show- 
ing seconds,  and  placed  near  the  leading  thoroughfares,  with  dials  a 
little  above  a  man's  head.  Controlled  on  R.  L.  Jones'  system  from  a 
central  clock  in  the  City  brought  daily  to  time,  as  is  the  central  Green- 
wich clock,  the  plan  was  quite  practicable  ;  but  nothing  was  done.  The 
opposition  to  it  was  believed  to  come  from  those  who  might  have  been 
expected  to  approve  of  it. 

Mr.  F.  Hope-Jones,  in  reply,  said  :  In  reply  to  Mr.  Lund  I  regret  Mr 
that  I  am  unable  to  adopt  his  classification  of  electrical  clocks  under  op«-J<*n<»- 
the  headings  Impelled,  Controlled,  and  Synchronised.  I  thought  it 
was  good  at  the  time  he  devised  it,  and  I  read  it  again  with 
interest  only  a  few  weeks  ago  in  his  paper  before  your  predecessors, 
the  Society  of  Telegraph  Engineers.  In  adopting  the  classification 
which  I  put  in  my  paper  I  have  only  followed  a  very  good  lead,  viz., 
those  authors  in  France  and  Germany  who  have  gone  into  this  matter 
far  more  thoroughly  even  than  I  have.  We  have  no  standard  works  on 
the  subject  here  in  England,  and  must  go  abroad  for  them.  Dr.  Tobler, 
M.  Kareis,and  M.  Favarger,of  Neuchatel,  do  not  ignore  self-contained, 
self-wound  clocks,  and  they  consider  that  what  Mr.  Lund  calls 
"controlling"  is  only  a  form  of  synchronisation.  In  that  I  agree  with 
them.  Mr.  Lund  made  a  very  strong  point  of  the  battery,  and  that 
has  also  been  touched  upon  by  several  speakers,  Mr.  Harrison  among 
others.  The  question  is  not  so  serious,  I  believe,  as  has  been  made  out. 
Mr.  Lund  spoke  particularly  of  the  fact  that  a  contact  in  the  case  of 
S3mchronised  or  correcting  methods  was  only  required  once  an  hour, 
whereas  in  the  method  I  advocate  it  is  required  once  every  half -minute. 
I  would  point  that  although  that  is  so,  the  demand  we  make  upon 
the  battery  is  absolutely  less  than  that  made  by  synchronisation.  The 
reason  is  this :  The  amount  of  electrical  energy  required  to  move  the 
hands  (which  are  necessarily  mounted  spring-tight  upon  their  arbors) 
is  considerable,  and  a  contact  of  at  least  one  second  duration  is 
required  for  the  purpose.  But  with  the  light  aluminium  balanced 
hands  used  in  our  clocks  we  require  a  contact  of  less  than  j^^j  second 
duration.  Consequentiy  even  if  the  amount  of  electrical  energy  were 
the  same  in  each  case,  we  use  less  than  is  required  in  the  synchronising 
method.  As  a  matter  of  fact  we  use  a  great  deal  less,  because  less 
energy  is  required  at  each  stroke. 

In  reply  to  Mr.  Raworth,  I  have  myself  experienced  the  annoying 
"click"  of  the  d  Is  in  the  Gare  de  Lazare  Grand  Terminus  Hotel 
in  Paris,  and  eventually  I  had  to  do  as  he  did, — ^get  up  and  turn 
off  the  switch.  Could  there  be  anything  more  ridiculous  than  a  time 
circuit  in  which  a  switch  is  provided,  to  enable  you  to  turn  one  of  the 
dials  off?  It  is  infinitely  better  to  have  a  key- wound  clock  than 
one  which  requires  attention  irregularly  and  not  at  stated  periods. 
Silence  has  been  spoken  of  by  some  of  my  supporters,  and  some 
vvhom  I  did  not  expect  would  speak  for  me.  I  thank  them  for 
replying  in  advance  to  many  points  which  have  been  raised.  The 
silence  of  the  dial  in  the  glass  shade  on  the  table  has  been  obtained 
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Mr.  mainly  by  insulating  the  movement  itself  (which  must  necessarily  emit 

ope-jones.  ^  slight  click)  from  anything  in  the  nature  of  a  sound-board  by  sus- 
pending it  from  spiral  springs  instead  of  supporting  it  in  rigid  connec- 
tion with  the  case.  The  result  is  that  although  the  click  is  still  there,  it 
is  not  communicated  to  any  sound-board  and  therefore  is  not  heard.  It  is 
not  a  difficult  matter  to  silence  clocks.  I  think  I  may  safely  say  that 
had  the  gentleman  in  the  Post  Office,  who  was  referred  to  by  Mr.  Lund 
and  Mr.  Stockall,  been  provided  with  one  of  these  clocks  which  has  a 
very  light  movement,  made  of  thin  metal,  cemented  on  to  the  back 
of  the  dial  by  rubber  pads,  and  consequently  mainly  insulated  from 
the  dial  which  would  otherwise  act  as  a  sound-board,  he  would  not 
have  complained.  This  clock  is  so  quiet  that  it  does  not  cause 
annoyance  in  any  ordinary  room,  although  I  admit  it  is  not  good 
enough  for  a  bedroom.  The  one  with  the  movement  supported  by 
spiral  springs  is  suitable  for  this  purpose  and  cannot  be  heard  when 
lying  awake  at  night. 

In  reply  to  Professor  Ayrton's  question,  I  would  j)oint  out  that 
in  the  pendulum  movement  exhibited  there  is  a  maintaining  spring 
which  perhaps  has  not  been  noticed.  The  click  which  supports  the 
weighted  lever  communicates  its  thrust  to  a  ratchet  disc,  but  the  ratchet 
disc  is  not  in  rigid  connection  with  the  wheel.  On  the  contrary,  it  is 
loose  upon  its  arbor  and  is  connected  with  the  wheel  through  the 
medium  of  a  spring.  There  is  also  a  back-stop  click  engaging  the 
wheel  which  comes  into  operation  just  before  the  winding  action  takes 
place.  The  result  is  that  the  going  pressure  is  never  off  the  escape- 
ment. Even  at  that  minute  instant  of  time  when  the  action  is  taking 
place,  when  the  weight  is  being  lifted  up,  there  is  no  diminution  of 
the  pressure  upon  the  escape  wheel. 

Mr.  Stockall  referred  to  the  absence  of  lock  on  one  of  the  dial  clock 
movements.  He  has,  however,  merely  mistaken  an  interior  pattern 
dial  for  a  turret  clock.  The  lock  in  this  case  is  amply  sufficient  for 
light  aluminium  hands  protected  by  a  sheet  of  glass.  In  turret  clocks, 
where  the  hands  are  exposed  to  the  weather,  they  would  be  locked  not 
only  in  the  position  of  rest,  but  at  every  point  in  the  cycle  of  operations. 

With  regard  to  the  slight  irregularity  of  the  time  circuit  at  the  Insti- 
tution of  Mechanical  Engineers  mentioned  by  Mr.  Worthington,  the 
principal  source  of  the  trouble  was  the  flooding  of  a  conduit  box  which 
caused  the  main  fuse  to  blow  and  cut  off  their  supply,  consequently 
stopping  the  clocks  too.  An  earth  developed  on  our  clock  wiring  about 
that  time  also.  The  only  other  unsatisfactory  point  that  I  am  aware 
of  in  that  installation  was  the  use  of  a  large  mirror  as  a  dial  ;  this  clock 
had  to  be  taken  out  on  account  of  the  noise  it  made,  being  rigidly 
attached  to  the  mirror. 

In  reply  to  Mr.  Harrison,  I  admit  that  to  use  overhead  lines  exten- 
sively and  indiscriminately  for  public  time-service  would  be  to  court 
failure,  but  a  very  large  number  of  dials  would  be  served  by  compara- 
tively few  and  short  lengths  which  would  be  duplicated  for  safety.  It 
would  be  easy  to  shut  down  any  section  of  the  time-service  in  business 
districts  for  testing  and  repairs  for  twelve  hours  between,  say,  8  or  9  p.m. 
and  8  or  9  a.m.    After  installing  nearly  a  thousand  of  these  propelled 
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dials,  and  in  view  of  the  extensive  use  of  more  complicated  systems  on  JJr. 
the  Continent,  I  cannot  agree  with  his  pessimistic  view  of  the  com-      ^"^^'^^ 
mercial  prospects  of  time-service.     I  admit  that  "  los.  6d.  per  annum 
is  the  interest  on  a  very  good  clock  indeed/'  but  at  present  this  half- 
guinea  is  absorbed  in  its  weekly  winding,  regulation,  and  setting  it  to 
time,  to  say  nothing  of  its  repairs. 

In  conclusion,  I  would  express  my  thanks  to  Mr.  Harrison  for  dealing 
with  the  question  of  distribution.  I  could  wish  that  more  of  the  dis- 
cussion had  been  devoted  to  it,  for  if  there  are  any  difficulties  still  to 
be  encountered  they  will  be  met  with  here. 

The  President  :  It  is  now  our  pleasing  duty  to  return  thanks  to  pj^ident 
Mr.  Hope-Jones  for  his  paper  which  has  given  rise  to  this  most  in- 
teresting discussion.  I  think  those  numerous  gentlemen  who  have 
come  here,  not  being  members  of  the  Institution,  and  have  taken  such 
an  interesting  part  in  this  debate,  should  also  be  included  in  the  vote. 
Will  you  give  your  thanks  to  Mr.  Hope-Jones  and  to  those  gentlemen 
who  have  taken  part  in  the  debate  ? 

The  vote  was  carried  by  acclamation. 

The  President  :  May  I  add,  as  a  contribution  to  the  discussion, 
that  now  for  more  than  a  year  I  have  had  some  of  Mr.  Hope- J  ones' 
clocks  in  the  Technical  College  at  Finsbury,  two  dials  in  the  lecture 
theatres,  two  dials  in  other  parts,  the  controlling  clock  being  in  my  own 
private  room,  and  I  have  not  yet  been  sent  to  the  mad-house  by  the 
noise  of  the  master-clock.  Until  we  had  good  batteries  we  had  trouble 
with  those  clocks,  but  since  we  had  good  batteries,  which  is  just  a  year 
ago,  the  trouble  has  ceased,  and  we  have  not  had  one  dial  different 
from  another  by  a  fraction.  The  clocks  have  kept  absolute  syn- 
chronism all  through.  I  have  ordered  two  more  dials  for  our  chemical 
laboratory,  because  we  could  not  possibly  have  any  other  kind  of  clock 
there  than  one  which  could  be  hermetically  sealed  up  so  that  the  fumes 
should  not  get  to  the  works  inside. 

The  President  announced  that  the  Scrutineers  reported  the 
following  candidates  to  have  been  duly  elected  : — 

Member : 
Alexander  Russell,  M.A. 


Associate  Manbers : 

Leonard  Fell  Christ>'. 
Montague    George  Alfred 
Humphrey-Moore. 


Edgar  Leslie  Thorp. 
Arthur  Pemberton  Wood. 


Associates  : 
James  Cormick.  |       Archibald  John  Walkom. 

Student : 
Alec.  Cotching. 
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ORIGINAL  COMMUNICATION. 


HOW  CONDENSER  AND  CHOKING-COIL  CUR- 
RENTS VARY  WITH  THE  SHAPE  OF  THE 
WAVE  OF  THE  APPLIED  E.M.F. 

By  Alexander  Russell,  M.A.,  Member. 

Electrical  engineers  are  aware  that  variations  in  the  shape 
of  the  wave  of  the  applied  E.M.F.  have  a  considerable 
effect  on  the  working  of  certain  alternating  current  apparatus. 
The  currents  produced,  the  hysteresis  loss  and  the  stress  on 
the  insulation  of  the  windings  all  vary  largely  with  the  shape 
of  the  wave,  and  no  test  of  transformers,  arc-lamps,  motors, 
etc.,  is  at  all  satisfactory  that  leaves  this  out  of  account. 

The  experimental  investigations  made  by  Messrs.  Beeton, 
Taylor,  and  Mark  Barr,  the  results  of  which  are  printed  in 
the  25th  volume  of  this  journal,  p.  474,  are  conclusive  on 
this  point. 

They  proved  amongst  other  results  that  the  no-load 
current  on  a  transformer  was  a  maximum  for  the  sine  wave. 
It  will  therefore  be  interesting  to  investigate  mathematically 
how  the  choking-coil  and  condenser  currents  vary  with  the 
shape  of  the  wave.  Owing  to  the  infinity  of  shapes  to  be 
considered,  it  has  only  been  possible  to  discuss  a  few 
families  of  curves.  A  study  of  these  is  instructive,  as  it 
shows  clearly  how  very  little  information  about  the  shape  of 
the  wave  is  given  by  a  knowledge  of  the  choking-coil  and 
condenser  currents.  It  also  shows  the  necessity  of  revising 
the  ordinary  definition  of  form-factor. 

In  what  follows,  certain  families  of  curves  each  individual 
member  of  which  gives  the  same  effective  E.M.F.  have 
been  considered,  and  expressions  have  been  found  for  the 
effective  currents  these  would  produce  if  applied  to  a  con- 
denser. In  two  cases  also  expressions  have  been  found  for 
the  currents  they  would  produce  if  applied  to  a  choking 
coil.  It  will  be  seen  that  there  is  generally  a  particular 
member  of  the  family  that  produces  the  minimum  current 
when  applied  to  a  condenser,  and  another  member  that  pro- 
duces the  maximum  current  when  applied  to  a  choking 
coil. 
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By  an  extension  of  Euclid's  theorem  that  triangles  on 
the  same  base  and  between  the  same  parallels  have  the  same 
area  to  curves  between  the  same  parallels  which  are  given 
by  a  certain  equation,  unsymmetrical  waves  have  also  been 
considered. 


Fig.  1. — Equivolt  Curves.    The  effective  Voltage  of  each  Curve  is  50. 

The  curves  obtained  by  giving  particular  values  to  n  in 
the  following  equations  would  each  produce  a  given  effective 
voltage  V. 


(I) 


e  =  V  (^\    y/2  n  +  I  i"  from  t  =  0  io 

e  =  V  (^\  y/2im  (J  -  t\'  from  /  ='^  to  ^ 
In   these   equations   c  is    the  instantaneous    value   of   the 
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E.M.F.,  /  the  time  in  seconds,  T  the  period  of  the  alternating 
current,  and  n  a  variable.  The  equations  (i)  give  the  posi- 
tive half  of  the  wave.  By  giving  a  numerical  value  to  71  we 
obtain  the  equation  to  a  particular  member  of  the  family. 

In  Fig.  I  three  of  the  curves  are  drawn,  namely,  those 
corresponding  to  n  equal  to  J,  i  and  2.  If  n  equals  zero, 
we  would  of  course  get  a  rectangle.  When  n  lies  between  0 
and  I  we  get  curves  similar  to  "a,"  Fig.  i,  namely,  two 
curves  meeting  at  an  angle  and  concave  to  the  axis  of  T. 
When  n  equals  i  we  get  the  triangle  "  6,"  and  when  n  is 
greater  than  i  we  get  two  curves  meeting  at  an  angle  and 
convex  to  the  axis  of  T. 

If  E  denote  the  maximum  value  of  e,  v,„  its  mean  value, 
and  V  the  height  of  the  centre  of  gravity  of  the  curve, 
then — 

E  =  V  n/2/7>1 

_.  \/2  7/   -f  I 

7'      =  V 

//    +    I 

V^=2r„,7- {2Y 

Now  the  form  factor  '*/"  is  generally  defined  by  the  equation 

•  m 

It  is  therefore  =  y- 

From  this  definition  it  follows  that  the  "form-factor" 
varies  inversely  as  the  area  gf  the  E.M.F.  wave  and  as  the 
frequency.  As  the  maximum  induction  produced  in  the 
core  of  a  choking  coil  is  proportional  to  the  area  of  the 
wave  of  the  applied  E.M.F.,  it  follows  that  this  maximum 
induction  is  inversely  proportional  to  the  "  form-factor." 
Hence  if  two  curves  produce  the  same  effective  E.M.F.  and 
have  the  same  "form-factor,"  they  will  produce  the  same 
maximum  induction  in  the  core  of  a  transformer,  for 
example,  and  by  Steinmetz's  law  the  hysteresis  loss  will  be 
the  same  in  the  two  cases.  The  "  form-factor,"  however, 
tells  us  nothing  at  all  about  the  form  of  the  curv^e.  Two 
curves  may  have  the  same  "  form-factor,"  but  their  shapes 

*  See  The  Electric i an ^  vol.  xxxv.,  p.  115,  "Graphical  Methods  of  Finding 
Mean  Square  V^ahies." 
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a/id  their  maximum  heights  may  be  quite  different.     Since 

V  2 

also  —  =  -  v  we  see  that  all  that  it  tells  us  in  practice  is  the 

Vm         V  ^ 

height  of  the  centre  of  gravity  of  the  wave. 

In  order  to  calculate  the  electrical  effects  produced  by  a 
wave  of  given  effective  E.M.F.,  it  is  necessary  to  know 


(i)  The  area  of  the  wave. 

(2)  Whether  it  has  more  than  one  peak. 

(3)  The  maximum  height. 

(4)  Whether  the  curve  is  symmetrical. 

(5)  If  unsymmetrical,  in  which  quarter  period  it  attains 
its  maximum  value. 
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The  "form-factor"  gives  us  information  only  about  the 
first  of  these. 

Suppose  now  that  the  wave  given  by  equation  (i)  was 
applied  to  a  condenser  of  capacity  K  farads.  Then  the 
current  is  given  by  the  equations 


/  =  V  K  (1^\  s/2n-^  1  .n  r*  from  o  to 


T 


etc.    And  if  A  be  the  effective  value  of  the  current  (n  greater 
than  J) 


^      ^    2  «  —  I  •^' 


where  /  is  the  frequency.  As  n  increases  from  J,  A 
diminishes  until 

^5  +  1 
n  = — ^ =0-809; 

4 

il  then  begins  to  increase  again,  and  goes  on  increasing  as  n 
increases  to  infinity. 

The  minimum  value  of  the  condenser  current  that  this 
type  of  wave  produces  is  6-66i  V  Kf,  whilst  a  sine  wave 
produces  only  6*283  V  K/  amperes. 

If  the  wave  given  by  equation  (i)  be  applied  to  a  choking 
coil  whose  self-inductance  is  h,  then  the  current  is  given  by 


4i 


=^c(r-^!— (4)  !  -'="'» 
=n^)"-^rT;vi(ir'-(i-ri--=^'4j 

„  .  (  2(2W+   I)  M      V 

Hence  A  =  \  -, ^-7 {^ — r-  \  — ^-t-. 

l(«  +  2)(2n+  3)  J    4/L' 


A:^  a  increases  from  zero,  A  increases  until  it  attains  its 
maximum  value,  for  n  =  ^ — II—  =67245,  it  then  diminishes 
for  greater  values  of  n. 

The  maximum  value  of  A  =  0-1589--^^  and  E  =  i'565  V 

And  for  a  sine  curve       A  =  0-1591     -  and  E  =  i'4^4  ^'^ 
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The  family  of  hyperbolic  sine  curves. 
The  equation  to  this  family  is 


^  =  B  sinh  n 


i 


^  =  B  sinh 


«(i-4) 


T\' 
from  /  =  o  to  - 

4 

from  i  =—  to  - 
4       2 
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(I) 


Where  B  =  V 


n 


.   .   n       n 
smh  -r  —- 

2  2 


When  n  is  zero,  the  equations  (i)  become^ 


e  = 


4>/3V/ 


from  /  =  o  to 


—      /  /  \  T        T 

=  4  n/  3  V  (^i  -  ^  j  from  /  =  -  to  - 


This  is  the  triangle  {a)  shown    in  Fig.  2.    The  curve  (6) 
in  this  figure  is  for  n  =  lo. 

It  can  be  shown  from  (i)  that 


E  =  V 


n  cosh n 

2 

2  sinh  -  —  n 

2 


=  ^H^^-i] 


For  a  condenser 


KB«        ^      /      , 
J  =  — ?p —  cosh  MTp,  etc. 


Hence  A  =  wVK/-^ 


I  smh  -  +  - 


smh  -r  —  — 

2  2 


si 
=  4N/37VK(n  =  o) 


* 
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For  a  choking  coil 
V 


A  = 


2  n  —  o  sinh  -  +  ti  cosh  - 

2  2 


/L 


«2  fa  sinh  ^  —  w  j 


when  «  =  o. 


/L>/40 

Family  of  curves  including  a  rectangle,  an  ellipse  and  a 

parabola. 
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Fig.  3— Equivolt  Curves.    (<j)  Ellipse.    (6)  Parabola. 
The  equation  to  this  family  is 

c  =  B  J  /  (I  -  ^  M  from  t  =  oto^ 

Where  B  =  fM"  V^~^(4»+  2) 
\TJ  r(2H+i) 

Also  E  =  V  .^r(4»H^2) 

4"    r  (2 «  +  i) 
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r(2«  +  2)       r(2«  +  i) 

The  curves  in  Fig.  3  are  (^)  ;/  =  J,  an  ellipse  (6)  n  =  i, 
a  parabola  and  (c)  «  =  2,  a  biquadratic. 

(T         \""*/T  \ 

2""0         (2"^V 

...  A  =  2>yi^n4ZL+2)/VK 
^       2  //  —  I 

Hence  A  is  a  minimum  when  n  =s =  i-ii2. 

4 

In  this  case    A  =  6-293  /V  K  ;  E  =  1-397  ^' 

For  a  sine  curve  A  =  6-283 /V  K  ;  E  =  i'4i4  V. 

Family  of  sine  cnn'es. 
The  equation  to  the  E.M.F.  is 


Where  E  = 


r  (//  +  i) 
V 


TTj  r 


{'"r) 


When  ;<  =  o  we  get  a  rectangle,  /*  =  i  we  get  the 
cur\'e  (^0  in  Fig.  4,  when  n  =  i  the  sine  curve  (6),  and 
//  =  2  the  curve  (c). 

For  a  condenser  we  get  for  the  effective  value  (A)  of  the 
current  when  n  is  greater  than      : 

A=     -55_"__/^KV 

s/2  //  —  I ' 

This  is  a  minimum  when  n  =  i. 

«  Tables  of  log  r  (M)  are  given  in  Williamson's  "  Integral  Calciilus." 
VOU   XXIX.  II 
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It  is  important  to  notice  that  none  of  the  E.M.F.  curves 
considered  generate  as  small  a  condenser  current  or  as 
great  a  choking-coil  current  as  the  sine  wave.  It  must, 
however,  be  noted  that  they  are  all  symmetrical  waves — 
that  is,  they  all  have  their  maximum  values  at  the  quarter 
period,  and  ordinates  equidistant  from  the  maximum  ordinate 
are  all  equal. 
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Fig.  4. — Equivolt  Sine  Cunes. 


To  investigate  what  happens  for  unsymmetrical  curves 
the  following  general  theorem  will  be  found  useful : — 

Theorem. 

If  e=:f{i)  be  the  equation  of  a  symmetrical  wave  of 
E.M.F,  i.e.  one  in  which /(/)  =/(-  -  /),  then 
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^=/(4-i) 

from  /  =  o  to  r 

\ 

1  from  /  =  r  to  — 

\ 

/  ' 

^U     T 

—  —  r 
2             > 
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•    (I) 


represents  a  distorted  wave  of  E.M.F,  which  has  the  same 
maximum  height,  the  same  R.M.S.  height,  the  same  breadth, 
and  the  same  area  as  the  original  wave. 

This  is  easily  proved.      For  example,  if  V  be  the  R.M.S. 
of  the  cm  (i),  then 


I 


.m\<it 


T 


=r  /(o 


'dt 


Hence  V  is  independent  of  the  value  of  r.  Similarly  we 
can  prove  that  its  area,  etc.,  is  the  same  as  that  of  the  curve 
^  =/(/).  In  Fig.  5  the  middle  curve  shown  in  the  sine 
curve  and  the  others  are  distorted  members  of  the  same 


'-?] 


family  {t  =-^  and 

o 

It  follows  that  all  the  waves  given  by  (i)  when  applied 
to  a  choking  coil  will  each  produce  the  same  hysteresis  and 
eddy  current  loss  in  the  coil,  and  will  each  stress  the 
insulation  to  the  same  amount.  We  will  refer  to  the  family 
of  waves  given  by  the  equation  (i)  as  waves  of  equal  height. 
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It  must  be  borne  in  mind,  however,  that  there  is  an  infinite 
number  of  families  of  waves  of  equal  height.  For  example, 
(a)  in  Fig.  i  and  the  sine  wave  in  Fig.  5  are  the  symmetrical 
members  of  two  families  of  waves  whose  maximum  heights 
are  equal. 

Of  all  E.M,F,  waves  of  equal  height  applied  to  a  condenser 
the  symmetrical  wave  produces  the  smallest  effective  current. 


Fig.  5. —  Equivoll  Sine  Curves  of  equal  height. 

If  K  be  the  capacity  of  the  condenser,  then  the  value  of 
the  current  charging  it  is  given  by 

T  /T     /\ 

T        \ 
4(-3-rj  --rj 
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A  be  the  effective  value  of  i,  then 

T 

dt 

A» 

^ril-r) 

— 

166 


This  is   a  minimum  when  t( r)    is  a  maximum,  i,e., 

T 

when  T  =  - .      Hence  the  symmetrical  wave  produces  the 

minimum  effective  current. 

0/  all  EM.F.  waves  of  equal  height  applied  to  a  choking- 
ioil  the  symmetrical  wave  produces  the  greatest  effective 
current. 

Suppose  that  the  resistance  of  the  inductive  coil  is  zero, 
:md  its  self-inductance  L, 

then  L  -,-.  =/  ( —  •     j  from  ^  =  o  to  r 


and  L  ^'  =/  (  ^  •  ^ )  from  /  =  r  to  -  ■ 


Let  J/(0^ /  =  ♦(/). 
Let  also  ^  (o)  =  o. 

Then  we  can  show  that  the  equation  to  the  choking-coil 
current  is 


^  /T\       4  ( 2  -  V     /T     2  -  M      ^     T  / 


2        ^ 


Digitiz?^!  by  Google 


166  RUSSELL  ON 

If  A  be  the  effective  value  of  /,  then 

■-■A■=^(?)^-^l>'''-v,(^,).x(I-,)■;..,„, 

I         I 

WhereX  =  «(pl    <Ht)dt-\    {♦(o}^/; 


and  Y 


It  follows  from  (a)  that  A  will  be  a  maximum  when  r  = 
if  2  X  is  greater  than  Y,  U\,  if 

T  T 

2  *  ( -  )  I     i>{t)dt  is  greater  than  3         U  (/)     dt. 

^  i  '      X 

Now  it  is  known  that ' 

T  T 


where  y  is  the  height  of  the  centre  of  gravity  of  the  curve 

y  =  <!>((). 

Hence  we  have  to  show  that  J  ^  (  - )  is  greater  than  v. 
Let  O  M  N  B  (Fig.  6)  be  the  curve  3^  =  ^  (/).     Then  since 
-—-  ^  (t)  ^f{t)  and  by  hypothesis /(/)  increases  as  /  increases, 

*  Sec  The  Electrician,  vol.  xxxv.,  p.  115. 
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therefore  the  slope  of  the  curve  O  M  N  B  increases  with  /. 
In  the  figure  let  OT  =^,  then  B  T  is  ^(I)  and  the  height 

of  the  centi'e  of  gravity  of  the  triangle  BOT  is  J^f~j 
Also  dividing  the  figure  B  N  M  O  into  triangles  having  their 


Fig.  6. 


vertices  at  B,  we  see  that  the  height  of  the  centre  of  gravity 
of  B  X  M  O  is  greater  than  J  ♦  (  -  )  and  therefore  the  height 
of  the  centre  of  gravity  of  the  remaining  part  of  the  figure 
(  v)  is  less  than  ^  ^  f  —  j. 

Hence  J  ^  ( — )  is  greater   than  J',   and  therefore  the 
magnetising   current  is  a   maximum   for  the  symmetrical 


curve. 
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The  preceding  theorems  seem  to  justify  the  foUovviiig 
conchisions  : — 

1.  A  knowledge  of  the  effective  currents  produced  in  a 

condenser  and  a  choking  coil  by  a  given  alternating 
E.M.F.  gives  us  practically  very  little  information 
about  the  shape  of  the  wave. 

2.  The  "form-factor"  is  not  a  suitable  name  for 

It  would  be  better  to  call  it  the  "  area-factor  "  or 
the  "  hysteresis-factor  "  if  it  is  really  necessary  to 
give  this  ratio  a  name. 

3.  The  sine  curve  wave  applied  to  a  condenser  produces 

a  smaller  effective  current  than  any  of  the  curves 
we  have  considered.  If  this  current  is  not  the 
smallest  produced  by  any  wave  it  must  be  some- 
thing very  nearly  equal  to  the  absolute  minimum. 

4.  The  sine   curve   wave  applied   to    a  choking  coil 

produces  a  larger  magnetising  current  than  any 
of  the  waves  we  have  considered. 

5.  In  a  family  of  waves  of  equal  height  the  symmetrical 

wave  produces  the  maximum  choking-coil  current 
and  the  minimum  condenser  current. 
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REPORT  OF 
COMMITTEE  ON  COPPER  CONDUCTORS. 

The  advantages  of  standardising  are  being  largely  advo-^ 
cated  for  almost  all  classes  of  engineering  products,  but 
copper  conductors  have  hitherto  not  been  included  in  the 
list  as  every  one  has  assumed  that  they  were  already 
standardised,  and  that  Matthiessen  had  settled  the  resistance 
and  temperature  co-efficient  of  copper  in  his  researches- 
nearly  forty  years  ago. 

This  assumption  is  far  from  being  true,  and  the  cata- 
logues of  various  electrical  cable  makers,  as  published  before 
1899,  show  considerable  discrepancies  in  the  resistance  and 
weight  of  nominally  the  same  cables,  while  the  Post  Office 
issued  a  specification  differing  from  all  the  others. 

In  order  to  remedy  this  confusion,  a  Committee  was- 
formed  of  those  interested,  to  determine  a  standard,  and 
the  Institution  of  Electrical  Engineers,  the  General  Post 
Office,  and  the  principal  manufacturers  of  rubber-insulated 
cables  sent  representatives.  Meetings  were  held  early  in 
1899,  and  the  report  given  below  was  adopted  by  the 
following  delegates  : — 

Sir  W.  H.  Preece,  K.C.B.,  F.R.S.,  Chairman. 
Mr.  J.  Gavey, 
Mr.  H.  Hartnell, 

For  the  General  Post  Office. 

Prof.  W.  E.  Ayrton,  F.R.S., 
Mr.  W.  M.  Mordey, 
Mr.  Herbert  A.  Taylor, 

For  the  Institution  of  Electrical  Engineers. 

Mr.  J.  W.  Conolly, 

Conolly  Bros.,  Ltd. 
Mr.  R.  J.  Hatton, 

Henley's  Telegraph  Works,  Ltd. 
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Mr.  W.  E.  Gray, 

I.  R.  G.  P.  and  Telegraph  Works,  Ltd. 
Mr.  A.  Paterson, 

Johnson  and  Phillips, 
Mr.  F.  Jacob, 
Mr.  J.  S.  Huddlestone, 

Siemens  Bros.,  Ltd. 
Mr.  A.  H.  Howard, 

W.  T.  Glover  and  Co.,  Ltd. 

The  Telegraph  Manufacturing  Company,  Ltd.,  and  the 
London  Electric  Wire  Company,  Ltd.,  also  co-operated  in 
•forming  the  Committee,  and  have  adopted  its  recommenda- 
tion. 

The  Report  of  the  Committee  is  as  follows  : — 

ist.  Resolved  that  Matthiessen's  standard  of  '153858 
standard  ohms  resistance  for  a  wire  one  metre  long  weigh- 
ing one  gramme  at  60°  Fahr.  be  taken  as  the  standard  for 
hard-drawn  high  conductivity  commercial  copper. 

2nd.  Hard-drawn  copper  to  be  defined  as  that  which 
will  not  elongate  more  than  i  per  cent,  without  fracture. 

3rd.  Resolved  that  Matthiessen's  standard  of  -150822 
standard  ohms  resistance  for  a  wire  one  metre  long  weighing 
one  gramme  at  60°  F.  be  taken  as  the  standard  for  annealed 
high  conductivity  commercial  copper. 

4th.  Copper  to  be  taken  as  weighing  555  lbs.  per  cubic 
foot  at  600  F.  which  will  give  a  specific  gravity  of  8*9i2. 

5th.  Resolved  that  Messrs.  Clarke,  Forde,  and  Taylor's 
temperature  co-efficient  as  published  in  their  pamphlet 
dated  February  20,  1899,  be  adopted,  and  that  the  average 
co-efficient  of  0*00238  per  degree  Fahrenheit  be  adopted  for 
commercial  purposes. 

6th.  Resolved  that  the  resistance  and  weight  of  con- 
ductors be  calculated  from  the  actual  length  of  the  wires. 

7th.  Resolved  that  a  lay  of  twenty  times  the  pitch 
diameter  be  taken  as  the  standard  for  the  calculation  of 
tables. 

8th.  Resolved  that  2  per  cent,  variation  of  resistance 
or  weight  be  allowed  in  all  conductors. 

9th.  Resolved  that  an  allowance  of  i  per  cent,  increased 

Digitized  by  VjOOQ  IC 


COMMITTEE   ON   COPPER   CONDUCTORS.  171 

resistance,  as  calculated  from  the  diameter,  be  allowed  on  all 
tinned  copper  between  Nos.  22  and  12  gauges  inclusive. 

Note  to  1st  and  'T^rd, 

The  figures  inserted  have  been  calculated  for  60®  F.  from 
the  figures  0*1469  per  metre  gramme  for  hard-drawn  and 
0*1440  for  annealed  at  32°  F.  by  Matthiessen's  formula. 


R/o  = 


R32° 


1—0-00215006  (^—32)  -f  0*00000278  (/— 32)2 


A.  H.  Howard, 

Honorary  Secretary. 

From    the    above    data    the    following    formulae    are 
obtained  : — 

Solid  Wires. 

Copper  weighs  555  lbs.  per  cubic  foot  at  60°  F.     Specific 
gravity  =  8*912. 

The    resistance    of    annealed   high    conductivity  com- 
mercial copper  is : — 

Resistance  per  cubic  inch  0*00000066788  standard  ohms. 

Resistance  per  cubic  cm.  0*00000169639        „  „ 

Resistance  of  100  inches 

weighing  100  grains     .  0*150158        „  „ 

^    .    '  .t  0*0423x7 

Resistance  per  mile  = 


Resistance  per  yard  = 


Area  in  square  inches. 
0*000024044 


Area  in  square  inches. 
Resistance  per  mil.  foot=  10*2044  standard  ohms. 

The  resistance  of  hard-drawn  high  conductivity  com- 
mercial copper  is : — 

Resistancepercubicinch =0*000000681327  standard  ohms. 
Resistance  per  cubic  cm.  =  0*00000173054        „  „ 

Resistance  of  100  inches 

weighing  100  grains    =  0*153181  „  „ 

0*0431689 
Resistance  per  mile       =  "    " 


Resistance  per  yard       = 


Area  in  square  miles. 
0*0000245277 


Area  in  square  inches. 
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Resistance  per  mil.  foot  =  10-4099  standard  ohms. 
Weight  per  mile  in  lbs.  =  20,350  X  area  in  square  inches. 
Weight  per  yard  in  lbs.  =  1 1*5625  X  area  in  square  inches. 

Cables. 

A  lay  of  twenty  times  the  pitch  diameter  is  adopted  as  a 
standard,  and  the  resistance  in  parallel  of  the  wire  is  taken 
as  the  resistance  of  the  cable. 

Resistance  of  three-strand  cable  =  0*33742  x  resistance  of 

each  wire. 
„  four  „         0-253065  „ 

„  seven  „         0-1443557 

„  twelve  „         0-084355  " 

„  nineteen  „         0-0532424         „ 

„  thirty-seven      „         0*0273493         „ 

„  sixty-one  „         0-0165911         „ 

„  ninety-one       „         0-0111222         „ 

Weight  of  three-strand  cable  =  3  03678  X  weight  of  each 

wire. 
„  four  „       4*04904 

„  seven  „       7'0735^ 


9f 


twelve  „  12-1471 

nineteen  „  I9'2207 

thirty-seven  „  37-4414 

sixty-one  „  61-7356 

ninety-one  „  92-1034 


9f 


The  above  formulae  give  the  standards,  but  a  variation  of 
2  per  cent,  in  resistance  or  weight  is  allowed  for  losses  in 
manufacture. 

These  figures  have  been  adopted  by  all  of  the  parties 
represented,  and  it  is  hoped  that  they  may  become  the 
universal  standard  for  Great  Britain. 

The  measurements  made  by  Dr.  Matthiessen  were  for 
the  purpose  of  determining  the  best  metal  to  use  for  a 
standard  resistance,  and  the  permanence  of  the  resistance 
was  of  more  importance  than  the  actual  numerical  value. 

The  specific  gravity  of  the  copper  was  not  taken,  and  as 
the  results  are  given  by  length  and  weight  they  afford  no 
means  of  determining  the  resistance  of  a  wire  of  any  given 
diameter.     In  addition  B.A.  units  have  been  confounded 
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with  standard  ohms,  so  that  discrepancies  have  arisen  from 
both  causes. 

The  resistance  of  a  stranded  conductor  varies  according 
to  the  lay  of  the  wires.  Some  makers  use  a  lay  of  twelve 
times  the  pitch  diameter,  while  others  go  so  high  as  thirty 
times  the  pitch  diameter ;  twenty  W2is  adopted  as  an  average 
figure,  and  the  resistances  calculated  from  the  actual  length 
of  the  wires,  viz.,  1*01226  times  the  length  of  the  cable  for 
all  except  the  centre  wire. 

As  the  Post  Office  specifications  will  be  issued  in  accord- 
ance with  the  above  report,  and  as  all  of  the  manufacturers 
mentioned  will  include  the  same  figures  in  their  catalogues, 
there  seems  little  doubt  that  these  standards  will  be  adopted 
throughout  Great  Britain. 
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VISIT   TO   SWITZERLAND. 

REPORT  OF   THE   MEETING   HELD  IN  THE  POLYTECHNI- 
KUM  AT  ZURICH, 

On    Wednesday,    September    6th,    1899, 

Professor  SiLVANUS  P.  Thompson,  President,  in  the  Chair. 

The  President  having  announced  that  there  was  no 
formal  business  to  be  transacted. 

Professor  Gnehm,  in  the  name  of  the  Staff  of  the  Poly- 
technikum,  delivered  a  cordial  address  of  welcome  to  the 
Members  of  the  Institution. 

The  Secretary,  in  the  absence  of  the  author,  then  read 
the  following  paper  : — 

THE  UTILISATION  OF  THE  SCHAFFHAUSEN 
WATER  POWER. 

By  Alfred  Amsler,  Ph.D. 

The  rapids  of  the  Rhine  at  Schaffhausen  were  utilised 
long  before  the  erection  of  the  present  works.  A  weir 
which  is  now  for  the  most  part  demolished,  then  forced  the 
water  to  the  right  bank  of  the  river,  where  it  drove  a  large 
number  of  undershot  water-wheels.  Most  of  these  old- 
fashioned  motors  are  still  working — driving  flower-mills, 
smithies,  and  the  like. 

In  1858,  when  the  water  of  the  Rhine  fell  to  an  extra- 
ordinarily low  level,  the  idea  of  utilising  the  water  power  in  a 
more  efficient  and  more  modern  way  occurred  to  certain 
enterprising  citizens  of  Schaffhausen,  and  was  in  part  realised 
during  the  years  1861-1865. 
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The  Rhine  at  Schaffhausen  was  apparently  a  very 
suitable  river  for  the  utilisation  of  water  power.  By  con- 
structing a  stowing  dam  across  the  river,  and  by  excavating 
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only  a  short  canal  in  the  bed  of  the  river,  it  was  possible  to 
stow  the  water  so  as  to  realise  a  difference  of  levels  of  about 
four  metres  w^ithout  exposing  the  banks  of  the  river  to 
inundation.     The  quantity  of  water  delivered  by  the  Rhine 
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at  Schaffhausen  varies  from  120  to  1,000  cubic  metres  per 
second.  This  variation  may  be  considered  slight  as  com- 
pared with  other  Swiss  rivers,  and  even  with  the  Rhine  at 


r  §  g  I  r  I 

Rheinfelden.  Diagrams  (Figs,  i  and  2)  show  the  rate  of 
flow  of  water  at  Schaffhausen  at  different  periods  of  the 
years   1885-1895. 

It  has  already  been  stated  that   the   waterworks  were 
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built  during  the  years  1861-1865,  It  must  be  remembered 
that  at  that  time  modern  engineering  was  only  at  its 
beginning,  and  had  not  attained  its  present  perfection. 

No  other  plant  of  equal  magnitude  was  in  existence  to 
guide  the  engineers  who  designed  the  works  at  SchafThausen. 
Moreover,  local  difficulties — as,  for  example,  the  bad  condi- 
tion of  the  rock  forming  the  river-bed,  which  has  scarcely 
sufficient  resistance  to  allow  of  anything  being  fastened  to 
it — contributed  a  good  deal  to  the  delay  in  erecting  the 
stowing  dam  across  the  Rhine.  Indeed,  during  the 
construction,  the  dam  was  washed  away  several  times. 

The  diagram  (Fig.  3)  shows  clearly  the  construction 
of  the  dam.  It  consists  of  sets  of  stones  each  anchored 
to  the  river-bed  by  a  chain,  and  the  whole  united  by 
concrete. 

The  turbines  have  been  placed  on  the  left  bank  of  the 
river,  because  there  was  then  no  suitable  place  available  on 
the  right  side. 

At  first,  only  one  turbine  of  200  h.p.  was  erected,  and 
the  power  was  transmitted  by  wire  ropes  across  the  river 
and  then  along  the  right  bank.  Now  there  are  four  stations 
from  which  power  is  distributed  to  the  workshops  in  the 
town  by  means  of  shafting  and  wire  ropes. 

In  1869  a  second  turbine  of  250  h.p.  was  added,  and  in 
1872  a  third  turbine  of  300  h.p.  w-as  put  down. 

Two  of  the  three  turbines  are  still  driving  the  wire  ropes ; 
the  third,  which  formerly  transmitted  300  h.p.  by  means  of 
an  inclined  shaft  to  the  Bindfadenfabrik  (string  and  rope 
factory)  on  the  top  of  the  hill,  was  replaced  some  months 
ago  by  a  new  350  h.p.  Jonval  turbine  constructed  by  the 
Swiss  firm,  J.  J.  Rieter.  This  turbine,  provided  with  an 
ingenious  and  very  reliable  governor,  drives  a  three-phase 
dynamo  electric  machine,  producing  a  current  at  a  pressure 
of  400  volts,  which  is  transmitted  by  a  cable  over  a  distance 
of  about  200  metres  to  the  Bindfadenfabrik,  where  the 
current  operates  seven  motors  of  35  to  50  h.p. 

The  old  wire-rope  system  was  in  its  time  a  first-rate  means 
for  transmitting  power  over  long  distances  (at  Schaffhausen 
about  600  metres),  and  deserved  the  admiration  of  the 
engineers  visiting  the  works.  In  the  course  of  more  than 
thirty  years  of  uninterrupted  working,  however,  the  moving 
parts  have  worn  out.     This  has  led  to  vibrations  which  in 
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time  have  loosened  the  brackets  in  the  stone  pillars,  so 
that  the  pulleys  have  become  unsteady. 

In  order  to  prevent  accidents  and  to  secure  a  more 
steady  run  of  the  wire  ropes,  the  speed  of  the  turbines  had 
successively  to  be  reduced  from  40  to  30  revolutions  per 
minute. 

The  wear  and  tear  of  the  ropes — 30  millimetres  in 
diameter,  and  made  up  of  steel  wires  with  a  hempen  core — 
is  now  very  considerable,  the  average  lifetime  of  a  rope  being 
only  about  eleven  months,  which  is  equivalent  to  a  cost  of 
about  52  francs  a  year  per  one  transmitted  horse-power. 
This  expenditure,  of  course,  swallows  up  a  good  deal  (35 
per  cent.)  of  the  income.  This  and  the  heavy  loss  of  power 
due  to  the  bad  condition  of  the  plant  are  the  main  reasons 
why  the  wire  rope  is  to  be  given  up.  The  whole  of  the 
water  power  realised  will  in  future — that  is  to  say  towards 
the  end  of  this  year — be  transmitted  by  electricity.  The 
means  of  transmission  will  be  a  three-phase  current  at 
2,000  volts. 

The  new  motors  will  be  Francis-turbines,  fitted  with 
movable  guide  blades  (see  Fig.  4).  Such  blades  allow 
of  a  rapid  and  exact  regulation  of  the  inlet  of  water. 

As  the  Rhine  at  Schaffhausen  carries  almost  no  silt,  there 
is  little  probability  that  the  movable  blades  will  not  have  a 
long  life.  In  silty  water,  the  link  motion  would  of  course 
soon  be  destroyed.  Each  turbine  will  drive  a  300  h.p. 
dynamo.  The  high-tension  current  will  be  distributed  in 
the  town  by  means  of  underground  cables,  and  will  be 
applied  directly,  without  transformation,  in  the  shops  using 
upwards  of  50  h.p.  The  smaller  consumers  will  get  trans- 
formed current  of  200  volts.  There  will  be  no  overhead 
wires. 

The  third  turbine  in  the  lower  (new)  house  will  also  drive 
a  300  h.p.  dynamo,  producing  a  three-phase  current  at  2,000 
volts.  The  current  from  this  dynamo,  now  in  course  of 
construction,  is  to  be  combined  with  that  supplied  by  the 
dynamo  in  the  upper  house.  Next  year  an  electric  tram- 
way will  be  in  operation.  The  high-tension  three-phase 
current  is  intended  to  drive  motors  coupled  directly  with 
continuous-current  dynamos  supplying  current  at  550  volts 
to  the  tramways. 

The  users  of  high-tension  current  (2,000  volts)  will  have 
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to  pay  125  francs  a  year  per  brake  horse-power  measured 
at  the  motor.  The  users  of  low-tension  current  (200 
volts)  pay  150  francs  per  horse-power.  Thus  the  users  pay 
nothing  for  the  losses  of  energy  in  the  distributing  cables 
and  in  the  primary  and  secondary  dynamos.  These  charges 
for  mechanical  energy  supplied  by  a  central  station  will  be 
the  lowest  in  Switzerland. 

The   electrical  energy  supplied  to   each  motor  will  be 
measured  by  a  counter,  and  the  loss  of  energy  in  the  motor 


Fig.  4. 

will  be  allowed  for  by  assuming  an  efficiency  of  80  per 
cent. 

At  present,  that  is  to  say  as  long  as  the  \yire  ropes  shall 
be  in  existence,  the  users  of  power  are  charged  100  to  150 
francs  per  horse-power  according  to  the  quantity  of  power 
taken.  The  power  used  by  the  larger  factories  has  been 
measured  by  means  of  recording  dynamometers  ;  or  in  cases 
in  which  the  use  of  such  an  instrument  was  not  practicable, 
the  amount  of  horse-power  was  guessed. 

In  1887  a  new  set  of  five  turbines  of  300  h.p.  each  has 
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been  built.  These  turbines  were  originally  arranged  for 
driving  dynamos  by  means  of  hempen  ropes.  Two  turbines 
are  still  acting  in  this  way ;  they  drive  continuous-current 
dynamos  of  700  volts  transmitting  600  h.p.  to  the  Kamm- 
garnspinnerei  (a  worsted  spinning-mill)  at  a  distance  of 
about  500  metres.  The  current  is  transmitted  by  overhead 
copper-wire  ropes  to  the  factory,  and  there  feeds  a  number 
of  secondary  dynamos  placed  in  the  different  rooms.  Tv/o 
other  turbines  driving  two  single-phase  alternate  current 
dynamos  of  300  h.p.  are  used  for  electric  lighting.  The 
high-tension  current  at  2,000  volts  is  distributed  throughout 
the  town  and  its  environs  to  twenty-three  transformers  by 
underground  cables.  The  transformed  current  of  1 20  volts 
is  again  distributed  by  underground  cables.  Overhead  wires 
are  admitted  only  beyond  the  limits  of  the  town.  At  present 
about  7,000  incandescent  lamps  and  70  arc  lamps  are  con- 
nected. The  electrical  energy  is  either  measured  by 
counters,  or  is  only  guessed,  and  is  to  be  paid  for  at  the 
rate  of  6  centimes  per  hektowatt-hour. 

The  electric  lighting  plant,  constructed  by  the  Maschin- 
enfabrik  Oerlikon,  is  a  great  success ;  the  light  has  never 
failed  since  it  was  started  two  and  a  half  years  ago. 

The  fifth  turbine  in  the  new  house  is,  as  already  stated, 
being  fitted  with  a  three-phase  dynamo  intended  for  power 
transmission. 

A  prominent  feature  of  the  hydraulic  plant  is  the 
superposition  of  two  canals.  The  water  leaving  the  three 
turbines  in  the  upper  (old)  house  flows  through  a  canal 
underneath  the  visible  canal,  which  latter  leads  the  water 
into  the  five  turbines  in  the  lower  (new)  house.  This 
curious  arrangement  was  necessary  so  as  not  to  interrupt 
the  working  of  the  old  plant  during  the  construction  of  the 
new  one. 

It  will  be  noticed  that  there  is  no  uniformity  in  the 
electric  arrangements  ;  there  is  a  little  of  everything.  The 
reason  of  this  is  that  the  different  portions  have  been 
designed  by  different  owners  and  at  different  epochs, 
according  to  what  was  considered  the  best  at  the  time.  It 
is  well  known  that  the  progress  in  electrical  engineering  has 
run  through  many  phases  within  the  last  ten  years. 

The  water-power  works  were  in  the  possession  of  a 
company  till  last  year,  when  they  were  purchased  by  the 
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municipality  of  Schaffhausen,  which   already   owned  one- 
fourth  of  the  shares. 

It   is  not  unlikely  that,  within  a  couple  of  years,   the 


i 


^^^ 


industry  of  Schaffhausen  will  have  grown  at  such  a  rate  that 
an  extension  of  the  power-station  will  again  be  necessary. 
Then  the  hydraulic  part  of  the  plant  will  no  longer  be 
sufficient,  and  a  thorough  reconstruction  will  no  doubt  be 
indispensable. 
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The  author  wishes  to  record  his  indebtedness  for  the 
particulars  given  in  this  paper  and  for  the  diagrams  to  his 
friend  Mr.  A.  Uehlinger,  who  is  the  actual  leader  of  the 
reconstruction  of  the  works. 


The 

President. 

Mr.  Kapp. 


Mr.  Kilburn 

Scott.  • 


Professor 
Perry. 


•  The  Presidkxt  haviiijJ  declared  the  subject  of  tlie  paper  open  for 
discussion, 

Mr.  G.  Kapp  described  certain  early  difficulties  which  occurred 
with  the6oo  h.p.  transmission  plant  immediately  after  its  erection  twelve 
years  previously.  The  chief  consumer  complained  that,  at  times, 
he  was  insufficiently  supplied  with  power,  and  that  the  deficiency 
was  most  commonly  met  with  on  Monday  mornings.  After  examin- 
ing into  the  cause  it  was  found  that  the  oil  used  in  lubricating  the 
bearings  became  temporarily  too  thick  after  the  machinery  had  cooled 
by  reason  of  disuse  on  Sundays.  The  difficulty  was  entirely  overcome 
by  substituting  a  thinner  oil. 

Mr.  E.  Kilburn  Scoit  :  An  interesting  point  in  connection  with 
this  power  station  is  the  way  in  which  the  municipality  became  sole 
proprietors  by  simply  acquiring  the  shares  in  an  ordinary  business 
way. 

Until  recently,  in  England,  when  a  municipality  coveted  a  tramway 
or  electric  light  undertaking  the  shareholders  have  generally  had  to  be 
content  with  an  old-iron  price,  and  this  with  the  reckless  promoting  of 
1882  has  caused  the  British  investor  to  be  very  shy  of  electrical  enter- 
prises, hence  our  backward  position.  Almost  all  our  Supply  and  other 
Companies  are  having  to  be  underwritten,  whereas  in  Germany  and 
Switzerland  the  money  is  readily  subscribed. 

Professor  J.  Pb:rry  :  I  am  sorry  to  think  that  coming  in  late,  I  have 
not  heard  the  paper.  You  will,  however,  not  object  to  my  making  one 
remark  upon  what  I  have  seen  of  turbine  work  in  Switzerland.  At 
Schaffhausen  rapids  there  is  a  fall  of  four  metres,  the  turbines  having  a 
speed  of  thirty  revolutions  per  minute.  At  several  places  where  the 
falls  are  not  great  we  have  low  speeds  of  turbine  and  the  electric 
generators  arc  either  driven  by  costly  and  clumsy  and  insufficient 
gearing  or  else  the  generators  themselves,  driven  direct,  are  made  of 
enormous  diameters  so  that  their  circumferential  speeds  may  be  great 
although  the  revolutions  per  minute  are  few. 

It  seems  to  me — I  may  be  wrong  for  we  have  none  of  us  had  any 
time  during  this  wonderful  visit  of  ours  to  make  any  calculations — ^that 
the  electrical  engineer  is  paying  too  much  attention  to  the  severe 
rules  of  the  hydraulic  engineer.  There  are  certain  rules  about  tur- 
bines which  arc  essential,  these  relate  to  angles  of  vanes  and  guides. 
There  arc  others  which  are  empirical  and  to  be  recommended  as  good 
for  efficiency,  but  some  departure  may  be  made  from  them  without 
much  loss  of  efficiency.  These  relate  to  shapes  of  passages  and  axial 
or  radial  velocity  of  the  fluid.  Now  it  will  be  found  that  we  may 
depart  considerably  from  those  shapes  of  passage  which  are  prot>ablv 
the  best  and  allow  a  radial  or  axial  velocity  which  is  twice  or  more 
times  what  is  best,  without  a  greater  loss  of  efficiency  than  from  say  75 
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to  70  per  cent.,  and  in  this  way  get  a  turbine  for  a  given  power  and  Pretessor 
height  of  fall  which  has  twice  or  more  times  the  angular  velocity  of  ^^^'' 
the  turbine  that  seems  best  to  the  hydraulic  engineer.  Again,  as  high 
speeds  of  turbine  are  so  very  important  in  these  low  falls  it  is  to  be 
remembered  that  for  any  given  class  of  turbine  we  get  double  the  speed 
in  a  100  h.p.  turbine  that  we  get  in  a  400  h.p.  turbine  with  the  same 
height  of  fall,  and  hence  it  may  be  very  important  to  have  more  units 
of  less  power  each.  It  does  not  seem  to  me,  however,  that  high-speed 
machines  of  any  kind  are  in  great  request  in  Switzerland  whether 
driven  by  turbines  or  steam  engines,  and  I  have  been  often  surprised 
to  see  the  large  size  of  exciters  rendered  necessary  by  the  slow  speed 
of  the  main  machine. 

[Added  16//1  October.] — From  Dr.  Amsler's  paper  I  find  that  the 
steel  wire  rope  used  now  in  power  transmission  at  Schaffhausen  has  a 
life  of  only  about  eleven  months,  so  that  the  loss  of  money  due  to  wear 
and  tear  of  the  rope  is  more  than  £2  per  horse-power  per  year,  and  this 
is  35  per  cent,  of  the  gross  income.  This  is  one  of  the  most  important 
pieces  of  information  in  Dr.  Amsler's  valuable  paper.  For  many  years 
every  professor  of  engineering  and  all  the  authors  of  the  best  books 
on  power  transmission  have  vaunted  this  best  and  largest  example  of 
transmission  by  ropes,  and  now  we  are  told  that  it  is  to  disappear  in 
favour  of  an  electrical  system  of  transmission  of  power  to  the  mills 
of  the  town  I 

Professor  F.  Prasil  explained  the  Construction  and  Action  of  the  Prof.  Prasii. 
Transformer  Turbine,  dealing  with  the  first  experiments  he  had  con- 
ducted in  this  field  in  April,  1899.* 

The  investigations  were  undertaken  with  the  object  of  finding 
means  for  driving  dynamos  at  increased  speed,  directly  by  low- 
pressure  turbines,  without  having  recourse  to  a  large  number  of  rings, 
with  the  aid  of  energj'  transformations  within  the  turbine.  In  the  type 
adopted  the  energ>'  available  in  one  ring  is  not  directly  utilised,  but  is 
transferred  to  the  water,  passing  through  another  ring  of  passages, 
which,  therefore,  may  be  said  to  work  under  an  increased  head  and 
will  be  capable  of  yielding  more  power  at  higher  speed.  An  additional 
turbine  wheel  is  interposed  between  the  guide  passages  and  the  turbine 
wheel  proper.  The  principle  is  novel.  Turbines  with  two  wheels  in 
series  have  indeed  been  proposed  by  J.  Faulkner  and  by  J.  Hough, 
U.S.  patents  99,548  and  190,028,  of  1870  and  1877  respectively.  The  two 
wheels  revolved  in  opposite  directions,  the  one  above  the  other,  and 
the  speeds  of  their  concentric  shafts  were  combined  by  suitable  gear- 
ing. But  it  was  not  suggested  to  obtain  higher  speed  by  means  of 
internal  energy  transformations.  The  system  used  is  as  follows  :— 
A  Jonval  turbine  has  two  concentric  rings  of  guide  passages,  A,  outside, 
and  A^  inside  (see  Fig.  A).  Underneath  the  guide  rings  is  the  so-called 
transformer  wheel,  with  two  rings  of  bucket  passiiges,  B„  Ha  ;   then 


»  Professor  PraSil  has  since  published  a  full  account  of  his  continued  re- 
searches in  the  Schurizerischc  Bauzcitinig  xxxiv.  Nos.  21,  22,  23,  of  Nov.  25, 
Dec.  2,  9,  1899,  from  which,  at  his  request,  the  following  abstract  has  been 
prepared. 
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Prof.  Priai.  follows,  again  underneath,  the  turbine  wheel  proper,  which  the  speaker 
calls  the  motor  wheel,  with  one  ring  of  passages  C.  A,  discharges  its 
water  into  B„  Aa  into  Ba,  and  Ba  into  C.  The  blades  and  vanes  of  Ai 
and  B,  are  normally  curved.  The  blades  of  Aa  are  simply  plane,  per- 
pendicular partitions,  sending  vertical  jets  of  water  into  the  passages 
of  Ba.  The  curvature  of  the  vanes  of  Ba  is  such  that  the  water  enters 
the  motor  wheel  C  under  pressure,  but  without  shocks,  as  if  direct  from 
stationary  guide  ports.  The  transformer  wheel  is  fixed  on  a  hollow 
shaft  surrounding  the  turbine  shaft,  and  suspended  by  a  collar  bearing. 
The  efficiency  of  the  system  is  determined  in  the  following  way  : — 
I^  Qi>  Qa  are  the  volumes  of  water  in  cubic  metres  per  second  supplied 
to  the  transformer  wheel  rings  Bi  and  Ba  respectively, 

Eaif  Eaa  the  available  energies, 

ea    Ca  the  efficiency  coefficients, 

H  the  common  head  in  metres, 
then  the  total  energy  available 

La  =  Ea  ,  -h  E«a  =  7  H  (Q,  -f  Qa),  where  y  is  the  weight  of  a 
cubic  metre  of  water  =  i,ooo  kg. 
The  useful  energy  of  the  outer  ring  is  Ca  Eai,  if  we  allow  for  friction, 
etc.    This  energy  is  not  directly  utilised,  but  transferred  to  the  water 
passing  through  the  inner  passages  B,,  whose  useful  energ\'  will  be 

L'a  =  ea^  Ea2  +  Ea,  =  ^..^  r  H  (Q,  -|-  Q,)  =  y  Qa  H', 
where  H'  is  the  increased  head  acting  in  Ba, 

H'  =  (.,.2i+x)h'. 


Q» 

Introducing  £*  =  *^  f ,  =  g', 

«*=^..  ^  +  1 (I.) 


H'         Q.    . 

—  ..=^'  then 


The  head  has  been  increased  by  transformation,  hence  the  name  '*  trans- 
former wheel.''    The  symbol  f*  designates  the  ratio  of  transformation. 
Of  the  energy  L'a  we  can  utilise 

Le  =  Ca,,L'a=zea^  (r..^  y  Q,  H  +  r  Qa  H) ; 

hence  the  total  efficiency 

,  =  l:^,  =  e.,^,-^ (II.) 


L'.      -      ^., 


Q. 
and  therefore  the  efficiency  ratio 

*  ="  =-'-^-- cm.) 

From  equations  (I.)  and  (II.)  sheaves  of  curves  (variable  parameter 
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€m  )  are  derived,  from  which  it  is  seen  that  the  transformer  ratio  €>k  Prof,  Prafli. 
depends  much  more  upon  €,  than  upon  Ca  ,  whilst  the  opposite  applies 
for  the  efficiency  ratio  e  . 

In  order  to  determine  the  speed  relations,  the  system  is  compared 
to  an  ordinary  single-ring  turbine,  whose  wheel  is  geometrically  similar 
to  the  motor  wheel  C,  and  which  is  designed  for  a  water  supply  of 
(Q,  +  QO  cubic  metres  per  second  under  the  head  H.  If  D'  is  the 
mean  diameter  of  the  motor  wheels  C,  and  D  that  of  the  comparison 
wheel,  then  approximately 


p_  / 

u'-V 


The  ratio  of  the  circumrurcntial  speeds  »'  and  u  likewise  : 
u'  _      /H'_        • 

hence  the  ratio  of  the  number  of  turns  per  minute  : 

jj' 

=(«^  +0^^i  •"  j-^-  ('  "  ^-j^'  o'"  approximately 

.„  =  (., -I- i)-i,,(i  -r^^) (IV. 

Equation  (IV.)  leads  to  a  similar  group  of  curves  (with  the  same 
parameter  e«  )  with  the  aid  of  which  the  speed  may  be  determined. 
Assuming  an  efficiency  coefficient  Ca  =  o'8o,  the  author  finds  : 


«,  =  o*6 
fA  =  r48 
',  =  0-925 

10 
I -So 

0'90D 

1*4 

2'12 
0-883 

and  if  further   ^^^  =  076 

19 

2-26 

,,  =  0703 
Thus  the  transformation 

ratio 

0684 

and    the 

speed 

0*671 

may    be    varied    by 

changing « ,. 

The  third  question  is  whether  the  momenta  of  the  two  rings  of  the 
transformer  wheel  are  sufficiently  stable  to  prevent  speed  fluctuations 
and  to  ensure  a  uniform  water-feed  to  the  motor  wheel.  This  problem 
is  answered  by  investigating,  how  the  momenta  of  the  circumferential 
forces  vary  with  different  speeds  at  uniform  water-feed.  The  influences 
of  shocks  are  neglected  in  this  deduction,  which  is  permissible,  as  the 
experiments  prove.  It  results  that  small  variations  in  c,  and  in  the 
resistance  do  not  materially  affect  the  speed  of  the  transformer 
wheel. 

The  experiments  were  made  in  the  Ravensburg  (Wiirttemberg) 
branch  establishment  of  Escher  Wyss  &  Co.  with  a  Jonval  turbine,  which 
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Prof.  PraSii.  the  firm  placed  at  the  speaker's  disposal.  The  alterations  were  designed 
for  a  water  supply  of  2  or  3  cubic  metres  under  a  head  of  3m.  and  for 
e,  =  I,  that  is  to  say,  equal  water  volumes  for  both  rings  of  the  trans- 
former wheel.  Assuming  an  efficiency  ^«^=o74  for  the  inner  ring,  the 
following  results  could  be  expected  : «  =  17  or  I'S,  e  =o-88,  and  total 
efficiency  ri  =  0*65. 

It  would  appear  from  an  examination  of  the  table  given  above  that 
with  €^  greater  than  i,  a  higher  traj;^sformer  ratio,  and  with  f^  less  than 
I,  a  higher  efficiency  should  result  than  with  €,  =  i.  Further  investiga- 
tions will  settle  these  points. 

The  suspension  of  the  transformer  wheel  from  a  collar  bearing 
which  had  to  be  undesirably  large  caused  difficulties,  and  the  bearing 
could  not  be  placed  high  up,  as  there  was  hardly  room  for  fixing  a 
brake  pulley  on  the  transformer  wheel  shaft  —in  addition  to  the  turbine 
shaft  brake — under  the  ceiling.  The  bearing  was  hence  at  an  unsuitably 
low  level,  and  inaccessible  during  the  trial  runs.  Some  of  the  altera- 
tions had  to  be  made  under  w^ater.  The  outer  guide  ring  A,  has  30 
blades,  the  inner  Aa  12  vertical  partitions  ;  the  outer  transformer  wheel 
ring  has  30  vanes,  the  inner  Ba  40 ;  the  motor  wheel  C  is  provided 
with  24  vanes.  The  blades  and  vanes  of  A,  B,  C  are  all  of  the  normal 
type,  with  an  inlet  angle  of  almost  90°,  soon  passing  into  a  strong  slope ; 
the  vanes  of  B2  were  curved  more  symmetrically. 

The  numerous  experiments '  were  not  conducted  under  ideal  con- 
ditions, but  with  great  care.  The  water  level  was  measured  at  six 
points,  and  the  flow  in  seven  or  eight  different  sections  of  the  shute, 
with  the  aid  of  Amsler  hydrometers  and  of  electric  and  other  signals. 
Two  chief  lines  of  investigation  were  followed:  i.  Brake  tests  at  variable 
brake  load  without  water  measurements,  in  order  to  determine  the 
relation  between  speed  and  power,  and  further  to  study  any  back  re- 
actions of  the  motor  wheel ;  2.  Efficiency  tests  at  constant  brake  load 
with  water  measurements.  The  admission  was  also  varied.  From  the 
construction  of  the  blades  a  maximum  transformer-wheel  speed  of  70, 
and  mot  or- wheel  speed  of  134  could  be  expected.  The  early  experi- 
ments yielded  speeds  of  55  and  120,  and  a  total  efficiency  of  53  per 
cent,  only,  but  the  uniformity  of  motion  was  satisfactory.  When  the 
admission  to  the  outer  ring  Bi  was  reduced,  the  speed  of  the  transformer 
wheel  went  down  ;  at  an  admission  of  18/30  (inner  ring  full  admission) 
the  transformer  wheel  stopped,  and  on  further  reducing  the  admission 
to  B„  the  transformer  wheel  began  to  reverse,  making  12  revolutions 
when  the  outer  passages  B,  were  cut  out  completely.  At  that  moment 
the  motor  wheel  C  gave  1575  h.p.  at  80  revolutions,  its  speed  having 
diminished  duiing  the  period  of  partial  admission  to  the  outer  ring 
B,.  An  increased  water-flow  through  the  inner  vanes  of  B,  also  im- 
paired the  speed  of  the  transformer  wheel  and  the  efficiency  of  the 
system.  This  was  recognised  to  be  connected  with  the  water  leakage 
through  the  clearance  between  the  transformer  and  motor  wheels,  a 
point  which  was  further  studied    theoretically  and  practically.     The 

*  Tabulated  in  detail  in  the  paper  (loc.  ciL). 
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clearance  amounted  to  5*5  mm. ;  when  reduced  to  2  mm.,  the  speed  and   prof.  PriSii 
the  power  rose,  the  latter  from  385  to  46  h.p. 

As  the  unsatisfactory  suspension  of  the  transformer  wheel  and  these 
various  defects  did  not  sufficiently  account  for  the  comparatively  low 
values  realised,  the  speaker  finally,  after  a  study  of  the  velocity  dia- 
grams, altered  the  shapes  of  the  blades  in  Ba  which  proved  too  steep  at 
the  inlet.  The  total  efficiency  then  rose  to  62*3  per  cent.,  the  motor  wheel 
developing  49*5  h.p.  at  144  revolutions,  although  now  a  leakage  became 
apparent  through  the  clearance  between  the  guide  rings  and  the  trans- 
former wheel.  This  clearance  was  also  5*5  mm.  and  could  not  be 
reduced. 


Af^g  m  Fixed  guide -passA^s 
-BfA  "Tnihs former  nt/teeC. 
C    •MoCor  wheat. 

Fig.  a. 


The  following  conclusions  are  drawn  from  the  experiments  :— 
The  transformer  turbines  would  only  be  suited  for  low,  variable 
heads  and  direct  coupling.  Their  construction  and  erection  would  not 
oflFer  any  particular  difficulties,  apart  from  the  transformer  wheel  sus- 
pension, nor  involve  high  expense.  Regulation  by  partial  admission 
could  be  applied  to  the  outer-ring  passages  of  the  transformer  wheel, 
and  the  arrangement  also  be  adapted  to  Francis  turbines. 

Mr.  A.  U  EH  LINGER  :  The  old  water-power  works  were  completed 
about  thirty-three  years  ago,  and  were  regarded  as  quite  an  important 
enterprise  at  that  time.  The  wire-rope  transmission,  conveying  about 
500  h.p.  a  distance  of  700  metres  was  a  great  advance  on  previous 
practice,  and  it  has  found  numberless  imitators.  After  having  been 
working  during  thirty-three  years,  in  which  time  but  very  few  of  the 
many  parts  of  construction  have  been  renewed,  there  is  no  wonder  that 


Mr. 
Uchlingcr. 
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Uehiingcr  *^*^  plant  IS  in  such  a  state  that  it  would  not  serve  much  longer.  For 
this  reason,  and  in  order  to  utilise  the  water  power  as  fully  as  possible, 
a  complete  change  in  the  system  of  power  transmission,  namely,  from 
mechanical  to  electrical  transmission,  is  being  effected.  This  trans- 
formation was  taken  in  hand  about  one  year  since  and  will  be  completed 
in  the  course  of  the  year  1900. 

Until  now  the  consumers  have  been  bound  to  the  banks  of  the  river 
Rhine,  along  which  the  wire  ropes  transmitted  the  power,  but  as  soon 
as  it  is  transmitted  electrically  by  wires  and  cables  there  will  be  no 
limit  in  any  direction.  In  consequence  of  the  increased  demand  for 
power  there  will  be  not  only  an  alteration,  but  an  extension  of  the 
system.  The  power  can  be  increased  either  by  using  a  greater  quantity 
of  water  or,  preferably,  by  increasing  the  head  cf  water. 

During  the  two  periods  of  maximum  high-water  level  in  this  centmy 
the  Rhine  discharged  about  1,100  cubic  metres  per  second  ;  at  the 
lowest  water  level  about  90  cubic  metres  per  second.  It,  however,  very 
seldom  has  a  volume  of  less  than  100  cubic  metres  per  second.  In  design- 
ing water-power  stations  the  engineer  of  tc-day  does  not  base  his  calcula- 
tions on  the  minimum  discharge,  but  only  on  a  moderate  discharge,  at  low- 
water  level.  In  this  way  it  is  possible  to  get  the  efficiency  considerably 
higher  during  the  greater  part  of  the  year  wiijiout  any  increased  cost 
corresponding  to  the  greater  effect.  During  the  short  time  of  the  lowest 
water  level  a  good  steam  or  Dawson  gas  reserve  must  be  kept  up.  On 
examining  the  curves  showing  the  discharges  of  water  by  the  Rhine  we 
find  that  at  least  120  cubic  metres  per  second  are  at  the  disposal  of  the 
work. 

The  head  of  water,  amounting  to  4  metres,  obtained  to  the  extent  of 
three-fifths  by  means  of  a  natural  sill  of  rock  in  the  bed  of  the  river 
and  of  two-fifths  by  a  solid  artificial  dam,  built  with  great  difficulty 
during  the  years  1863  to  1865,  might  be  raised  i  metre  at  least  during 
the  period  of  low  water-level  in  winter,  by  making  the  dam  higher. 
We  shall  attain  this  by  replacing  the  solid  dam  with  a  movable  sluice- 
weir.  It  will  allow  of  bringing  the  head  of  water  up  to  at  least  5 
metres,  which  will  afford  6,000  h.p.  at  low-water  level,  with  the  above- 
mentioned  discharge  of  120  cubic  metres  per  second. 

It  must  be  mentioned  that  the  conditions  of  the  Rhine  at  Schaff- 
hausen  and  Neuhausen  are  very  favourable  to  water-power  installations, 
because  the  fall  of  the  water  is  concentrated  within  very  short  sections 
along  the  river,  so  that  we  can  dispense  with  canal  works.  The  quantity 
of  water  does  not  vary  as  much  as  in  other  rivers  and  we  have  no  waste- 
fully  high  flood  waters,  as  other  Alpine  rivers  have  periodically,  because 
the  Lake  of  Constance  serves  as  a  regulator.  The  water,  too,  is  abso- 
lutely as  clear  as  crystal  and  thoroughly  free  from  silt. 

With  little  difficulty  the  falls  of  the  Rhine  at  Neuhausen  could  be 
utilised  for  very  high-water  power  by  digging  a  tunnel  underneath 
the  Schloss  Lauffen  to  a  power  station,  situated  below  the  falls  of  the 
Rhine,  discharging  the  water  under  a  head  of  fully  24  metres  at  the 
relatively  small  distance  of  not  quite  400  metres.  This  would  render 
available  about  28,000  h.p.  at  the  lowest  computation.  But  for  the 
present  it  is  provided  that  no  undertakings  of  this  character  may  be 
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carried  out,  and  so  one  of  the  most  cliarming  falls  in  the  world  is  pro- 
tected from  devastation. 

Mr.  G.  L.  Addenbrooke  :  The  installation  at  Schafifhausen  and 
several  other  of  those  we  have  seen  formed  excellent  examples  of  what 
could  be  done  by  means  of  overhead  wires,  and  it  has  been  pointed  out 
that  some  of  these  wires  have  already  lasted  twelve  years  in  an  excep- 
tionally trying  situation.  Seeing  that  wires  of  this  character  are  practi- 
cally prohibited  in  England,  the  opportunity  seems  to  me  a  good  one 
for  raising  the  question  as  to  how  far  this  policy  is  a  sound  one,  as  it  has 
already  had,  there  is  no  doubt,  a  very  deleterious  effect  on  English 
enterprise. 

Mr.  L.  BiRKS  having  moved  the  adjournment  of  the  discussion, 

On  the  motion  of  the  President,  a  cordial  vote  of  thanks  to  Dr. 
Amsler  for  his  interesting  paper,  to  Herr  Ingenieur  Uehlinger  for  the 
interesting  diagrams  that  he  had  exhibited,  and  to  Professor  PrdSil  for 
his  valuable  contribution  to  the  discussion  on  the  same,  was  carried 
unanimously. 

Professor  R.  Threlfall  moved  :  •*  That  the  best  thanks  of  the 
Institution  of  Electrical  Engineers  of  London  be,  and  hereby  is,  given 
to  the  Director  and  Teaching  Staff  of  the  Polytechnikum  of  Zurich  for 
the  use  of  their  Aula  for  the  purpose  of  this  meeting,  and  for  their 
great  kindness  in  conducting  the  members  of  the  Institution  present  in 
Switzerland  over  the  admirable  Laboratories  of  the  College." 

The  motion  was  seconded  by  Professor  C.  A.  Carus- Wilson,  who 
reminded  the  members  that  several  of  the  professors  had  returned  to 
the  Poljiechnikum  in  the  midst  of  the  summer  vacation  especially  for 
the  purpose  of  accompanying  the  party  through  their  several  depart- 
ments. 

The  motion,  on  being  put  to  the  meeting,  was  carried  unanimously. 


Mr. 

Uehlinger. 

Mr.  Adden- 
brooke. 


Mr.  Birks. 

The 

PresidtMit. 
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Professor 
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The  Three  Hundred  and  Thirty-Ninth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  25,  Great  George  Street,  Westminster, 
on  Thursday  evening,  January  nth,  1900 — Professor 
SiLVANUs  P.  Thompson,  F.R.S.,  President,  in  the 
Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
December  14th,  1899,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced  and  it  was  ordered  that  they 
should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council  : — 

From  the  class  of  Associate  Members  to  that  of  Mem- 
bers : — 

George  Hop  wood  Hume. 
Joseph  Allison  Newton. 

From  the  class  of  Associates  to  that  of  Members : — 

Alfred  Hay,  B.Sc. 

Josiah  Savers. 

Alfred  Allen  Whitlock. 

From  the  class  of  Associates  to  that  of  Associate  Mem- 
bers : — 


J.  G.  Ames. 
E.  L.  Berry. 
Frederick  J.  Borland. 
William  Alexander  Brodic. 
Arthur  Clifford. 
John  R.  Dick. 
Reginald  Sydney  Downe. 
Robert  James  Elmhirst. 
David  Origen  Evans. 


W.  T.  Le  Feuvre. 
S.  Cameron  Gibson. 
F^rcderick  Harrison. 
G.  F.  Herron. 
A.  J.  Hollington. 
F*.  V.  L.  Mathias. 
Archer  W.  Smith. 
F.  M.  Williamson. 
J.  M.  G.  Wilson. 
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From  the  class  of  Students  to  that  of  Associates  : — 

G.  L.  Drury.  f  W.  E.  Miller. 

E.  J.  Greensraifh'.  ,  M.  Packer. 

T.  Kerr-Jones.  |  E.  D.  Tiddemaii. 

W.  N.  Y.  King.  .  L.  Wilson. 

C.  F*araday  Maypce.  L.  Wood. 

Mr.  G.  J.  T.  Parfitt  and  Mr.  A.  Williams  were  appointed 
scrutineers  of  the  ballot. 

A  donation  to  the  Library  was  announced  as  having 
been  received  since  the  last  meeting  from  Professor  John 
Perry,  to  whom  the  thanks  of  the  meeting  were  duly 
accorded. 

The  President  :  It  is  my  agreeable  duty  to  announce 
the  receipt  of  a  letter  addressed  to  me  by  three  of  our 
members,  Messrs.  G.  and  M.  Binswanger-Byng  and  Mr.  H. 
Hirst,  enclosing  a  cheque  for  ;^io5  as  a  donation  to  our 
Building  Fund,  and  I  believe  I  am  right  in  saying  that'  it  is 
partly  the  result  of  an  appeal  which  I  made  in  my  Presi- 
dential Address. 

I  need  not  say  I  have  had  much  pleasure  in  handing  on 
that  cheque  to  the  Treasurer  of  the  Institution  for  the  benefit 
of  the  Building  Fund. 

I  have  also  to  announce  that  on  the  i8th  instant  there 
will  be  held  in  Glasgow  a  meeting  of  the  Members,  Associate 
Members,  Associates,  and  Students,  and  other  gentlemen  who 
will  constitute  the  Local  Section  of  the  Institution  for  that 
district,  and  the  Council  would  be  very  glad  if  any  of 
the  membership  are  able  to  attend  the  meeting.  Un- 
fortunately I  am  personally  unable  to  go ;  I  have  another 
engagement  of  some  standing,  but  I  am  glad  to  say  that 
the  Council  will  be  represented  by  two  of  its  members,  viz., 
Mr.  Alexander  Siemens,  one  of  our  Past- Presidents,  and 
Professor  Perry,  Vice-President. 

Before  we  take  the  report  of  the  Swiss  Visit  Committee, 
Mr.  Crompton  has  something  to  say  to  you. 

Mr.  Crompton  :  The  Council  has  kindly  permitted  me 
to  take  this  opportunity  of  thanking  the  Institution  for  the 
very  handsome  response  the  members  of  all  classes  have 
made  up  to  the  present  to  the  circular-letter  sent  to  them 
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asking  for  subscriptions  to  help  to  equip  the  party  of  men 
from  our  Electrical  Engineer  Volunteer  Corps  that  is  to  go 
to  the  Cape.  I  think  this  is  a  favourable  opportunity  of 
explaining  better  than  I  was  able  to  do  in  my  circular  letter, 
both  what  is  intended  and  what  is  the  history  of  the  move- 
ment up  to  the  present  time.  The  primary  object  that  the 
corps  had  in  view  in  placing  a  selected  party  of  men  and 
officers  at  the  service  of  our  Country,  was  that  the  Govern- 
ment should  have  at  their  disposal  the  services  of  a  body  of 
picked  scientific  men  who  combine  science  with  practice, 
and  who  have  sufficient  familiarity  with  the  modern  develop- 
ments of  electrical  engineering,  together  with  the  technical 
knowledge  which  they  have  acquired  during  the  past  two  or 
three  years  in  the  use  of  war  plant.  The  Government  have 
accepted  these  services  provisionally  ;  that  is  to  say,  we  are 
now  waiting  for  instructions  from  Lord  Roberts  at  the 
Cape,  as  to  the  nature  of  the  plant  with  which  we  are  to  be 
equipped.  I  can  tell  you  nothing  further  at  present,  even 
if  it  were  desirable  to  do  so,  for  the  sources  of  information 
of  the  Pretoria  journals  reach  very  far. 

In  reply  to  certain  questions  put  to  me,  I  may  say  the 
Government  no  doubt  will  supply  us  with  all  the  equipment 
that  we  require  of  a  definite  nature — engines,  dynamos, 
projectors,  cable,  reels,  telegraph  apparatus  and  the  like. 
But  there  is  other  apparatus  and  also  comforts  for  our  men 
which  it  is  highly  desirable  we  should  have,  and  which  can- 
not be  provided  out  of  the  Government  grant,  and  it  is  for 
these  two  purposes  that  it .  is  intended  to  devote  the  very 
handsome  subscriptions  that  we  have  already^received.  Up 
to  the  present,  considerably  over  ;^8oo  has  come  in,  and  I 
reckon  that  the  amount  will  reach  ;^i,400  or  ;£^i,5oo,  which 
is  the  sum  I  should  like  to  see  it  reach.  At  this  stage  I  will 
not*  particularise,  and  will  only  say  that  nothing  has  amazed 
me  more  than  the  public  spirit  and  generosity  of  some  of 
our  members.  It  has  been  perfectly  extraordinary,  and  I  feel 
profoundly  touched  by  it.  We  are  not  going  out  as  a  fight- 
ing party.  Those  who  go  out  are  going  more  with  the  idea 
of  saving  or  diminishing  the  vast  waste  of  life  that  has  been 
going  on  in  South  Africa,  by  shielding,  if  we  possibly  can 
do  so,  our  soldiers  in  passing  through  that  terrible  zone  of 
fire  that  they  have  had  to  traverse,  in  facilitating  work 
at    night   that   has  hitherto  been   carried   on   in   the   day, 
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and  in  such  like  operations.  Our  work  will  be  of  a 
humble  nature,  which  will  not  be  much  thought  of  by  the 
war  correspondents,  but  I  hope  it  will  be  none  the  less 
useful.  I  hope  that  the  move  we  have  made  is  a  right  one, 
for  I  am  afraid  that  the  fault  so  far  has  been  that  every  one 
has  trusted  far  more  to  English  bull-dog  pluck  and  tenacity 
and  perseverance  than  to  the  undoubted  good  engineering 
and  high  scientific  qualities  that  Englishmen,  above  all 
others,  possess,  w^hen  they  are  under  fire  and  in  difficult 
circumstances.  I  believe  that  we  can  show  that,  and  that 
we  can  do  some  useful  work  for  our  country. 

The  President  :  The  business  before  us  now  is  the 
discussion  of  the  Report  of  the  Swiss  Visit  Committee  on 
the  visit  of  the  Institution  to  Switzerland,  in  September, 
1899,  which  has  been  duly  printed  and  circulated,  and 
which,  by  your  leave,  will  be  taken  as  read. 


REPORT  OF  THE  SWISS  VISIT  COMMITTEE  ON 
THE  VISIT  OF  THE  INSTITUTION  OF  ELEC- 
TRICAL ENGINEERS  TO  SWITZERLAND  IN 
SEPTEMBER,   1899. 

The  programme  and  itinerary  of  the  visit  were  arranged  by  a  committee 
(appointed  by  the  Council  of  the  Institution  on  the  9th  of  March)  consisting  of 
Mr.  J.  W.  Swan,  F.R.S.  (President),  Professor  W.  E.  Ayrton,  Mr.  H.  Edmunds, 
Dr.  J.  A.  Fleming,  Mr.  W.  M.  Mordey,  Mr.  R.  P.  Sellon,  Mr.  A.  Siemens,  Mr. 
C.  E.  Spagnoletti,  and  Professor  Silvanus  P.  Thompson,  F.R.S.  (afterwards 
President),  acting  in  co-operation  with  Colonel  P.  E.  Hubcr  of  Oerlikon,  Mr. 
C.  E.  L.  Brown  of  Baden,  and  Professor  W.  Wyssling  of  Ziirich,  who  con- 
stituted a  Swiss  Reception  Committee,  and  to  whose  genial  hospitality  and 
generous  devotion  of  time,  energy,  and  knowledge  the  success  of  the  meeting 
was  for  the  most  part  due. 

A  collection  of  technical  notes  descriptive  of  the  works  visited  was  drawn  ^ 
up  by  Professor  Wj'ssling  for  presentation  to  the  members  of  the  party,  and 
was  much  appreciated  by  them.  This  collection,  with  a  few  slight  alterations, 
and  with  additional  notes  (compiled  on  the  same  method)  concerning  works 
and  installations  not  referred  to  in  the  original  pamphlet,  are  here  reprinted 
as  affording  a  concise  account  of  the  various  installations  in  a  form  eminently 
suitable  for  reference.    An  index  is  given  below. 

The  party  assembled  at  Basel  on  the  morning  of  Saturday,  September  2nd, 
and  proceeded  vid  Rheinfelden  and  Baden  to  Zflrich.  where  they  arrived  the 
same  evening  and  stayed  until  the  following  Wednesday.  At  Rheinfelden, 
after  visiting  the  power-station,  the  members  were  most  hospitably  enter- 
tained at  lunch  by  the  Directors  of  the  Kraftubertragungswerke,  where  they 
met  Herr  Rathenau,  who  had  travelled  from  Berlin  in  order  to  be  present. 

In  the  afternoon  the  works  of  Messrs.  Brown,  Boveri  &  Co.  at  Baden  were 
visited  en  route  for  Ziirich. 
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On  the  morning  of  Monday,  September  4th,  a  visit  was  paid  to  the  works 
of  the  Maschinenfabrik  Oerlikon  and  to  the  generating  stations  of  the  Ziirich- 
Oerlikon-Seebach  electric  tramway.  In  the  afternoon  a  few  of  the  members 
visited  the  works  of  Messrs.  Sulzer  Brothers  and  those  of  the  Sw^iss  Loco- 
motive Factory  at  Winterthur  ;  but  the*  majority  remained  in  Zurich  to 
inspect  the  works  of  Messrs.  Escher  Wyss  &  Co.,  the  rtiunicipal  central 
station  at  Letten,  and  the  transformer  sub-station  at  Selnau. 

On  Tuesday,  September  5th,  the  greater  number  of  the  party  proceeded 
to  Schaffhausen,  visiting  the  old  and  new  power-stations,  the  worsted  mills, 
and  the  Falls  of  the  Rhine,  and  calling  at  the  works  of  Messrs.  Sulzer 
Brothers  on  the  return  journey,  whilst  the  remainder  of  the  party  were  shown 
over  the  Landes  Museum  by  the  Director  (Mr.  H.  Angst,  who  is  also  the 
British  Consul-General),  and  over  the  silk-weaving  works  at  Riiti  on  the  Lake 
of  Zurich.  A  few  of  those  who  took  part  in  the  excursion  to  Schaffhausen 
were  able  to  visit  the  steel  works  of  Herr  Georg  Fischer. 

On  the  same  evening  the  whole  party  enjos-ed  the  princely  hospitality  of 
the  Swiss  Electro-Technical  Society,  and  of  the  Maschinenfabrik  Oerlikon, 
Messrs.  Brown,  Boveri  &  Co.,  and  Messrs.  Escher  Wyss  &  Co.,  by  whom 
they  were  entertained  at  a  Banquet  given  in  honour  of  the  Institution  in  the 
Tonhalle  at  Ziirich.  It  was  to  the  great  regret  of  all  the  guests  that  Colonel 
Huber  was  prevented  by  illness  from  attending,  but  a  letter  of^  welcome 
written  by  him  was  read  by  Mr.  A.  Hurter,  the  Secretary  of  the  Maschinen- 
fabrik Oerlikon,  and  his  .place  in  the  chair  was  taken  by  Professor  Wyssling. 

The  morning  of  Wednesday,  September  6th,  was  devoted  to  a  meeting,  at 
which  the  President  took  the  chair,  in  the  Aula  of  the  Polytechnikum  in 
Ziirich.  At  this  meeting,  after  an  address  of  welcome  from  Professor  Dr. 
Gnehm,  a  paper  by  Dr.  Alfred  Amsler*  on  the  Utilisaiion  of  Water  Power  at 
Schaffhauscn  was  read  ;  a  discussion  ensued,  in  which  Mr.  Gisbert  Kapp,  Mr. 
E.  K.  Scott,  Professor  J.  Perry,  Professor  Pra§il,  Mr.  Uehlinger,  and  Mr. 
Addenbrooke  took  part.  On  the  motion  of  Mr.  Birks,  the  discussion  on  the 
paper  and  on  the  various  points  of  interest  arising  out  of  the  visit  to  Switzer 
land  was  adjourned.  A  vote  of  thanks  was  unanimously  accorded  to  Dr. 
Amsler  for  his  paper,  which  it  was  agreed  should  be  printed  in  the  Journal. 
The  meeting  closed  with  a  vote  of  thanks  to  the  Director  and  Staff  of  the 
Polytechnikum  for  the  use  of  the  Aula  for  the  meeting,  and  for  their 
kindness  in  showing  the  party  over  the  Polytechnikum,  some  of  the  Pro- 
fessors having  returned  to  Ziirich  in  the  middle  of  the  vacation  especially  for 
the  purpose.  This  vote,  on  the  motion  of  Professor  Threlfall,  seconded  by 
Professor  Carus- Wilson,  was  carried  by  acclamation. 

The  meeting  was  succeeded  by  a  lunch  given  by  the  members  of  the  party 
to  their  Swiss  hosts,  the  President,  Professor  Silvanus  Thompson,  presiding. 
An  opportunity  was  thus  afforded  to  present  to  Dr.  Max  Huber,  on  behalf  of 
his  father,  to  Mr.  C.  E.  L.  Brown  and  to  Dr.  Wyssling,  autograph  albums 
containing  the  signatures  of  most  of  those  present,  together  with  portraits  of 
Past  Presidents  of  the  Institution. 

In  the  afternoon  members  were  conducted  over  the  different  departments 
of  the  Polytechnikum,  and  then  proceeded  to  Luzern,  where  a  lialt  was  made 
for  the  night. 

An  early  start  was  made  on  Tuesday,  September  5th,  the  party  proceeding 
by  boat  to  Stansstad,  and  thence  by  the  electric  railway  to  Engelberg, 
viewing  the  power-house  on  the  way  ;  they  then  travelled  over  the  Briinig 
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Pass  to  Iiiterlaken,  which  became  the  headquarters  for  the  remainder  of  the 
visit. 

The  Rathausen  power-house  at  Lucerne  was  open  for  the  inspection  of 
members. 

Friday,  September  8th,  was  given  up  to  a  visit  to  the  Jungfrau  electric 
railway,  the  journey  being  made  viii  Lauterbrunnen,  where  the  power-station 
was  inspected,  and  the  Wengern  Alp  railway,  to  the  Kleine  Scheidegg,  the 
starting  point  of  the  Jungfrau  railway,  and  returned  thence  via  Grindelwald 
to  Interlaken.  From  the  Kleine  Scheidegg  the  party  were  conveyed  over 
the  Jungfrau  Electric  Railway,  so  far  as  it  was  then  completed,  namely  to 
the  Rothstock,  about  9,500  feet  above  sea-level,  and  a  distance  of  about  two 
and  a  quarter  miles  from  the  Scheidegg  station. 

On  Saturda3%  September  9th,  members  travelled  to  Thun  by  railway, 
calling  at  Spicz  en  route  to  view  the  Kanderwerk,  in  which  is  generated 
the  power  for  the  Burgdorf-Thun  railway.  After  lunch  in  Thun  the 
members  assembled  in  the  Kursaal,  and  votes  of  thanks  to  the  President, 
proposed  by  Professor  Threlfall  and  seconded  by  Mr.  Trotter,  and  to  the 
Secretary,  proposed  by  Mr.  Ferranti  and  seconded  by  Mr.  Mordey,  were 
carried  unanimously.  The  afternoon  was  spent  in  examining  the  technical 
equipment  of  the  Burgdorf-Thun  railway.  With  this  visit  the  official  reunion 
in  Switzerland  ended. 
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^.—FACTORIES  IN  THE  ORDEB  IN  WHICH 
THEY  WESE  VISITED. 


I. — Works  of  the  Alioth  Electricity  Company  {ElektricitUs 
Gesellschaft  Alioth),  at  Miinchenstein,  near  Basel 
(and  Lyons). 

Founded  i88i. 


{Visited  by  some  of  the  Party j  Friday ^  September  ist. 


Number  of  Workmen  :— 600. 

Number  of  Staff : — 120. 

Departments  of  Works:— The  Firm  manufactures  dynamos  for  direct 
and  alternate-  (one-,  two-,  and  three-phase)  current  dynamos  (from  30  to 
1,200  HP.) ;  motors  ;  transformers  ;  electrically  driven  cranes,  tools, 
and  fans  ;  switchboards  and  the  various  apparatus  and  fittings  required 
in  electric  lighting.  It  also  undertakes  the  design  and  construction  of 
lighting  and  power  installations,  electric  railways,  electro-chemical 
installations  and  the  like. 


2. — The  Electrical  Works  of  Brown  Boveri  &  Co.,  Baden  (Swit- 
zerland) (and  Frankfurt-am-Main). 


Founded  1892. 


(Visited  Saturday j  September  2ud.) 


Number  of  Workmen  : — 1,300  at  Baden  and  350  at  Frankfurt-am-Main. 

Number  of  Staff:—  170,,       „        „     40,, 

Motive  Power : — Water  power  from  the  Limmat  (Central  Station,  Baden). 

Power  distribution  by  two-phase  alternating-current,  with  about  60  motors. 

Floor  space  of  the  works        about  26,000  square  metres. 

Area  belonging  to  the  works     „     80,000        „  „ 

The  principal  departments  are  exclusively  engaged  in  building  continuous- 
and  alternating-current  machiner>',  including  generators,  motors,  and 
transformers,  high-tension  apparatus  and  switchboards. 


Work  produced: — 

\    in  course  of 

since  1892 

\:onstruction. 

Number 

HP. 

KW.                           HP. 

Electric  generators 

about 

about 

and  motors 

8,100 

250,000 

about                       75i000 

Transformers 

4,700 

100,000  of  which  25  generators 
are  over  1,000  HP. 
and  6  over  2,000  HP. 

/ 
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LargtBt  generator  built  2,500  HP. 

Largest  motor  built  1,000  HP. 

Noteworthy  Specialities : — Machinery  and  apparatus  for  very  high  pressure, 

three-phase  tramways,  locomotives,  complete  installations  of  calcium 

carbide  plant. 


3. — The  Works  of  the  Maschinenfabrik  Oerlikon. 

Founded  1871.    Company  limited  1876. 


{Visited  Monday,  September  4th.) 


Number  of  workmen : — 1800. 
Number  of  Staff :— 250. 

Motive  power: — Water  power  at  Hochfelden  with  3  turbines  of  200  HP. 
Electric  current  transformed  up  to  15,000  volts  and  transformed  down  at 

works.    Distance  of  transmission  22  kilometres. 
Three-phase  motors  are  fed  at  190  volts. 
Lighting  by  continuous  current  2  x  125  volts. 
Number  of  motors  : — 94. 

Numl)er  of  lathes  and  other  machine  tools  : — 860. 

^^umber  of  electric  cranes  :— 18,  having  a  total  carrying  capacity  of  about 
220,000  kilogrammes. 
Floor  space  of  the  works  42,038  square  metres 

belonging  to  works    118,078      „  „ 

excluding  adjoining  property. 
Principal  Departments  of  the  Works  :— 
Iron  and  steel  foundry. 
Mechanical  tools. 
Cranes,  lifts,  etc. 

Electrical  machinery  :— generators,  transformers,  and  motors. 
Work  produced : —  Number 

Machine-tools,  lathes,  etc.  6,300 

Porcelain  roller  mills  14,100 

Steam  engines  (before  1892)  125 

Electric  generators  and  motors  15,000 

(in  1898)  3,205 

Electric  transformers  3,ooo 

Electric  cranes,  locomotives,  trams,  etc.  330 

Largest  continuous-current  dynamo  built : — 
Armature  diameter  4*5  metres. 

„         weight  35,000  kilogrammes. 
Total  weight  115,000  kilogrammes. 
Largest  three-phase  machine  built : — 
Wheel  diameter  5  metres. 
Weight  of  wheel  46,000  kilogrammes. 
Total  weight  96,000  kilogrammes. 
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4. — Works  of  Escher  Wyss  &  Co.  {Aktiengesellschaft  der 
Maschinenfabriken  Escher  Wyss  &  Co.)  Zurich. 

Founded  1805. 
Headquarters  in  Zurich.    Branch  Works  in  Ravensburg  (Wttbg.) 

(Visited  Monday y  September  4th). 


Number  of  Workmen  :-  -about  1,600. 

Number  of  Staff :— about  170. 

Driving  Power : — Water-power  of  the  Reuss  in  Brcmgarten,  electric  trans- 
mission by  three-phase  current  at  5,000  volts.  Steam  plant  of  400  HP.  as 
reserve  at  the  works. 
Distribution  of  current  (three-phase)  at  125  volts  to  94  motors. 

Floor  space  occupied  by  buildings  about  100,000  square  metres  in  Ziirich 
and  70,000  square  metres  at  Ravensburg. 

Area  of  ground  belonging  to  works  in  Zurich  145,000  square  metres,  and 
180,000  square  metres  at  Ravensburg. 

Special  Departments  for  Manufacturing :— Turbines,  steam  engines,  ice- 
machines,  paper-machines,  steamships  and  marine  engines. 

PRODUCTION   OF  THE  FIRM. 


Since  1805. 

Total  output. 

In  the  last  year. 

Total  outpuL 

Number. 

HP. 

Number 

HP. 

Turbines            2,800 

250,000 

103 

26,570 

Steam  engines  2,850 

195,000 

67 

12,300 

Largest  Turbine  built :— 1,500  HP. 

„       Steam  Engine  built : — 1,200  HP. 

SPECIAL  MACHINERY  MANUFACTURED. 

Complete  turbine  plants  for  electric  power  stations. 

Complete  steam-engine  plants  for  electric  power  stations. 

Complete  boiler  plants  for  electric  power  stations. 

Complete  pumping  stations,  cooling  and  ice-producing  machinery. 

Naphthaline  boats  for  rivers  and  lakes. 

Steamships  for  rivers  and  lakes,  marine  engines  of  all  sorts,  aluminium  boats. 

Gas  and  petroleum  motors. 

Machinery  for  paper  manufacture. 

Various  machinery  for  use  in  cornmills. 


5. — The  Engine  Shops  and  Iron  Foundry  of  Messrs.  Sulzer 
Bros.,  Winterthur. 

Founded  in  1834. 
Branch  Establishment  in  Ludwigshafen  (Rheinpfalz),  1881. 


(Visited  Monday  and  Tuesday ^  September  4th  and  $tk.) 


Number   of  Workmen:— In  Winterthur   about  2,850,  in    Ludwigshafen 
about  825. 
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Number  of  Staff :— In  Winterthur  about  250,  in  Ludwigshafen  about  75. 
Driving  Power: — About  1,500  HP.,  generated  by  22  steam  boilers  with  total 

heating  surface  of  1,270  square  metres,  and  24  steam  engines. 
Floor  space  occupied  by  buildings  in  Winterthur  about  46,900  square  metres, 

and  in  Ludwigshafen  about  16.800  square  metres. 
Area  of  ground  belonging  to   works  in  Winterthur  about  87,700  square 

metres,  and  in  Ludwigshafen  about  16,800  square  metres. 
Electrical    Installation : —Nine  continuous-current  dynamos  with  a  total 
capacity  of  210  KW.  (at  no  volts).     A  720-ampere-hour  accumulator 
battery,  and  12  continuous-current  motors  of  from  -jV  to  5  HP.  capacity  ; 
4  polyphase  generators  with  a  total  capacity  of  750  HP.  (current  at  190 
volts)  and  63  polj-phasc  motors  of  |  to  45  HP.  capacity ;  214  arc  lamps 
and  480  incandescent  lamps. 
Principal  Departments  of  Works :— Steanr  engines,  stationary,  horizontal, 
vertical^  quick-acting,  and  portable ;  pumps  and  compressors ;  iKjilers 
and  super-heaters,  marine  engines  and  boilers  and  steam  launches. 
Heating  installations  using  steam  and  hot-water ;    steam    boiling  and 
laundry  plant ;  disinfecting  plant  and  humidifiers  ;  fans  and  centrifugal 
pumps ;   ice-making  (Linde's  system)-,  bleaching-,  dyeing-plant ;  rock- 
boring  machinery  and  plant  for  preparation  of  Swiss  milk. 
Work  produced  to  date  :— 

Steam  engines  about  4,250  (=  about  780,000  HP.) 

Steam  boilers  „       4t400 

Heating  plant  „       3,000 

Compressors  „        500 

Rock-boring  machines        „         200 

Vacuum  apparatus  „         120 


6. — Swiss  Locomotive  Works  {Schiveizerische  Locomotiv- 
and  Maschinenfabrik),  Winterthur. 

{Visited  Monthly,  September  4th.) 


Motive  Power : — ^Steam  engines,  and  a  number  of  30-50  H.P.  gas  engines, 

using  gas  generated  on  the  works. 
Principal  Departments  of  the  Works :— Turning  shops,  with  milling  and 
boring  machines,  etc.    Boiler  shops  with  boring,  bending,  and  other 
machines,  and  Schonbach  hydraulic  rivetters,  worked  by  an  accumulator 
at  100  atmospheres. 
Smithy. 
Copper  smithy. 
Erecting  shops. 

7. — ^The  Iron  and  Steel  Works  of  Messrs.  G.  Fischer 
{^Actiengesellschaft  der  Eisen  und  Stahhverke 
von  Georg  Fischer),  Schaffhausen. 

(Visited  Tuesday^  September  ^th.) 


Number  of  Workmen  :— In  Schaffhausen,  about  900  ;  in  Singen,  about  50 
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Principal  Departments  of  the  Works :— Steel  foundry,  formerly  using  the 
Siemens-Martin  and  crucible  processes  only,  but  now  employing  a  con- 
verter-process. 
Electric  welding  shops,  using  the  Slavianoff  and  Benardos  processes. 

Power  Distribution: — By  compressed  air  at  6  atmospheres  pressure,  for 
small  cranes  and  tools. 
Electrical,  from  a  500  HP.  Sulzer  engine,  driving  a  three-phase  generator, 
and  distributing  at  365  volts  to  about  45  motors  of  from  i  to  165  HP. 

Speciality: — Soft  cast-steel,  with  magnetic  properties  similar  to  those  of 
wrought-iron,  especially  applicable  for  electrical  purposes  ;  and  harder 
steel  castings  for  various  purposes. 


8. — The  Rflti  Silk  Weaving  Factory  {Mechanische  Seiden- 
weberei  Rilti),  Zurich. 


{Visited  Tuesday,  September  $th.) 


The  Introduction  of  Electrical  Driving  resulted  from  the  success  of  an 
experimental  installation  put  down  in  1895  by  the  Maschinenfabrik 
Oerlikon  to  drive  20  of  the  looms  in  these  works.  In  1897  the  whole 
factory  was  changed  over  to  electrical  driving. 

Number  of  Looms : — 404. 

Motive  Power :— Water  power  by  two  30  HP.  turbines, and  a  70  HP.  steam 
engine. 

Electrical  Generators  : — For  Power^  a  100  HP.  three-phase  generator 
rotating  at  500  revolutions  per  minute,  and  producing  a  current  at  200 
volts  with  a  periodicity  of  50. 
For  Lighting,  an  Oerlikon,  59  HP.,  four-pole,  continuous-current  dx-namo, 
rotating  at  820  revolutions  per  minute,  and  producing  a  current  of  320 
amperes  at  125  volts.  Connected  with  this  generator  is  a  battery  of  70 
accumulator-cells  of  1,404  ampere-hour  capacity. 
The  power- and  lighting-systems  are  kept  entirely  separate,  but  an  arrange- 
ment is  made  by  which,  if  necessary,  the  exciting-current  for  the  three- 
phase  generator  may  be  drawn  from  the  lighting  dynamos  or  from  the 
accumulator  cells,  instead  of  from  its  own  direct-coupled  exciter. 

Electrical  Conductors :— The  main  cables  are  carried  along  the  roof  of  sub- 
ways, so  high  that  a  man  may  pass  through  them,  built  beneath  the 
rooms,  and  provided  with  transverse  galleries  at  intervals.  All  parts  of 
the  conductors  and  the  fuses,  which  are  also  placed  in  the  galleries,  are 
therefore  accessible  for  repairs,  and  there  are  no  wires  or  conductors 
running  through  the  rooms. 

Lighting : — In  the  weaving-rooms  incandescent  lights  with  shades,  the  leads 
brought  to  them  carried  through  iron  uprights  with  movable  arms.  In 
the  other  rooms  inverted  arc-lamps. 

Motors : — One  motor  (940  revolutions  per  minute)  for  each  loom.  For  lighter 
looms  J  HP.,  for  Jacquard  looms  and  other  work  J  HP. 

Electric  Lift: — An  Oerlikon  500-kilogrammes  goods-lift  is  operated  by  a 
3  HP.  continuous-current  motor  driven  from  the  lighting  dynamo  or 
from  the  accumulators. 
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ENGINEERS    AND    CONTRACTORS. 

Designers  of  the  electrical  equipment :— Maschinenfabrik  Oerlikon. 
Dynamos,  motors,  &c. : — Maschinenfabrik  Oerlikon. 
Conductors  :— Stimemann  and  Weissenbach,  Zurich. 


9. — The   Schaffhausen   Worsted    Mills   {Kammgarnspin' 
nerei)y  Schaffhausen. 


(Visited  Tuesday,  September  5th.) 


Number  of  Spindles  :— 38,000,  absorbing  600  HP. 

Motive  Power: — Water  power  from  two  300  HP.  turbines  in  the  municipal 
power-house. 

Electrical  Installation : — ^The  continuous  current,  supplied  to  the  works 
from  the  power-house  (600  amperes  at  700  volts)  is  employed  to  drive  one 
360  HP.  motor  and  one  100,  one  60  and  one  25  HP.  in  the  spinning  mill, 
85  per  cent,  of  the  power  supplied  being  expended  in  useful  work. 
In  the  course  of  the  present  year,  the  360  HP.  motor  will  be  replaced  by 
one  120  HP.,  five  60  HP.,  and  two  30  HP.  motors  in  order  to  simplify 
the  transmission.  The  360  HP.  motor  will  then  be  kept  as  a  reserve 
generator  (steam-driven)  in  case  of  a  break-down  of  the  turbines. 


fi.— POWER  AND  UOHTmO  STATIONS. 


I. — Power  Transmission  at  Rheinfelden. 

Kraftiibertragungswerke  Rheinfelden,  Aktiengesell- 

schaft. 

Central  Station  built  in  1895-1899. 
Operations  commenced  in  1897. 


{Visited  Saturday,  September  2nd.) 


MOTIVE  POWER. 
Water  power  from  the  Rhein  at  Rheinfelden,  situated  in  Baden  (German 

territory). 
No  steam  reserve. 
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AREA  OF  DISTRIBUTION. 

Power  and  Light  supplied  to  the  neighbouring  district  of  Switzerland  : — 
Stein,  Mumpf,  Mohlin,  Rheinfelden,  Augst,  Liestal,  Sissach,  Gelter, 
kinden,  etc..  and  on  the  other  side  of  the  river  in  Baden  (Germany) : — 
Mlnseln,  Kersau,  Xollingen,  Baden  Rheinfelden,  Wyhlen,  Grenzach. 
Stetten,  Lorrach,  Brombach,  Schopfheim,  and  Wehr,  etc.  (altogether 
some  fifty  villages  and  small  towns). 

Current  supply  for  electro- chemical  purposes  in  Rheinfelden  (Baden) 
itself. 

WATER  POWER  PLANT. 

Variable  fall  from  3-5  metres. 

Dam  across  the  Rhine. 

Water  canal  i  kilometre  long,  50  metres  broad. 

Noteworthy  arrangements  to  provide  against  flood-water,  rubbish,  obstruc- 
tions, etc. 

Engine  room   175  metres  long,   12   metres  broad,  and   15  metres  high, 
containing  20  turbine  chambers  closed  by  hinged  gates. 
20  double  Francis- turbines  (2,  one  above  the  other),  of  840  HP.  at  55 
and  68  revolutions  per  minute,  respectively. 

Automatic  and  hand  regulation  of  the  turbines. 

THE  ELECTRIC  PLANT. 

Three-phase  and  continuous  current. 

Three  groups  with  12  continuous-current  dynamos  of  840  HP.  at  55  and 

68  revolutions,  and  about  150  volts. 
Two    groups   with  8   three-phase  dsmamos   of   840    HP.   at  55  and  68 

revolutions,  50  cycles,  6800  volts,  star  connected. 
Continuous    current    delivered    direct  to    neighbouring  electro-chemical 

works. 
Three-phase  current : — The  same  primary  mains  used  for  light  and  power  ; 
4  large  feeding  mains  underground,  otherwise  lines    are  overhead. 
Voltage  on  primary  lines  6,800  volts,  and  on  secondary  lines :   for 
motors  500  and  220  volts,  for  light  220  volts. 
The  two  switchboards  for  continuous  and  three-phase  currents  are  separate. 
Loss  in  the  mains  of  the  three-phase  lines 

in  the  primary  75  per  cent,  approximately, 
in  the  secondary  2  per  cent,  at  the  highest, 
in  the  continuous  current  lines  about  10  per  cent. 
Transformer  stations : — Buildings  of  brick  and  containing   transfonners 
from  15  to  200  kilowatts. 

EXTENSION  AND  OUTPUT. 

Water  power: — 12,000  HP.  minimum,  16,800  HP.  nonnal,  and  19,000  HP. 

maximum. 
Buildings :— For  16,800  HP. 
Turbines  :— 20  at  840  HP.  =  16,800  HP. 
Electric  Generators:— 12  continuous-current  and  8  three-phase  dynamos 

of  840  HP. 
Transformers  of  6,400/525  and  6,400/225  volts,  total  for  4,000  KW. 
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Cooductors  :— 

Overhead  lines. 

Underground  cables. 

Primary:  total  length 

of  line 

about  150  kilometres 

70  kilometres. 

Length  of  wire 

»i 

450 

210 

Greatest  distance 

)t 

25           M 

16 

Weight  of  copper 

300  tons 

1,500  tons 

Secondary :  total  length 

of  line 

80  kilometres. 

Length  of  wire 

250 

Weight  of  copper 

100  tons. 

Area  supplied  by  the  entire  plant  about  700  square  kilometres. 

by  the  secondary  mains  about  20  square  kilometres. 
Consumption  :— (a)  For  lighiingy  equivalent  to  8,000  16-CP.  standard  lamps. 

(b)  „   power f  150  motors  with  a  total  of  3,000  HP. 

(c)  „    elcctrO'Chemical  purposes  a  total  of  10,000  HP. 

ENGINEERS  AND   CONTRACTORS. 

Power  transmission  station  : — Limited  company. 

Building  and  construction  directed  by  Professor  Intze,  Aachen. 

Water  dams,  canals,  etc.  „         „  Professor  Konrad  Zschokke,  Aarau. 

Turbine  plant,  built  by  Escher  Wyss  &  Cie.,  Zurich. 

Electric  mains  :— The  Allgemeine  Elektrizitats-Gesellschaft  Berlin  and 

the  Maschinenfabrik  Oerlikon  near  Ziirich. 
Electric  generators  : — The  same. 
Transformers  : — The  same. 

Motors  : — The  same  and  a  number  of  different  firms. 
Installations  for  lighting  by  15  different  firms. 


Preparation  is  being  made  at  present  to  utilise  also  the  lower  fall  of  the 
Rhine  near  Rheinfelden.  This -second  installation  is  expected  to  yield  another 
10,000  HP. 


2.— The  Central  Station,  Zurich. 

Owned  by  the  community  of  Zurich. 

Built  1891-92.    Started  working  in  August,  1892. 

Principal  extensions  1898  and  1899. 


{Visited  MotidaVf  September  4//;.) 


POWER. 

Water  power: — 600  to  1200  HP.    Low-pressure  turbines  are  driven  direct 
by  the  w^ater  of  the  Limmat. 
High-pressure  turbines  are  driven  by  water  accumulated  in  reservoirs. 
Steam  power;— -300  HP.    Steam  reserve  for  water  supply,  and  2,700  HP. 
with  steam-engines  for  the  electrical  plant. 
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AREA   OF  SUPPLY. 

Power :— Current  is  provided  for  small  motors  in  business  quarters,  and  for 
the  sub-stations  at  the  Tonhalle,  and  at  the  physical  and  chemical 
lalK>ratory  buildings,  and  for  the  Post  Office. 

Light :— All  private  and  public  lighting  in  the  town  of  Zurich. 

Trams : — Current  either  direct  or  through  the  sub-station  "  Selnau "  (at 
present  4 — and  when  other  proposed  lines  are  completed  10 — lines  in 
use,  partly  prix'ate  and  partly  t>elonging  to  the  town). 

WATER   POWER   PLANT. 

(Property  of  the  Municipal  Water  Supply.) 

The  whole  of  the  river  Limmat  with  dam,  conveyed  by  canal  to  turbines. 

Fall: — ^Varying  from  i'5  to  3  metres. 

Turbines  (including  those  for  the  Water  Supply) : — 10  Jonval  Reaction 
Turbines  of  101-150  HP.,  2  high-pressure  turbines  driven  from 
accumulated  water  at  15  atmospheres  pressure,  300  HP.  at  200  revolu- 
tions per  minute.  The  accumulated  water  is  pumped  up  into  a  reservoir 
for  driving  the  high-pressure  turbines. 
300  HP.  steam  engine  as  reserve,  valve  regulation. 

STEAM  PLANT. 

Galloway -Boilers,  fired  with  gas-coke. 
Horizontal  Steam  Engines : — 

Compound  engines  with  valve  regulation. 

Tandem  „  „     the  Frikart  method  of  regulation. 

ELECTRICAL  PLANT. 

System  : — Single-phase  alternating  current, at  50  cycles  per  secondhand  2,000 
volts,  for  light  and  power. 
Three-phase  current,  at  50  cycles  and  2,000  volts,  for  the  tramway  sub- 
station. 
Continuous-current,  500  volts,  for  driving  trams  direct. 
Generators : — ^The  older  alternating-current  generators  are  of  the  Kapp  t\T>e 
with  rotating  armature. 
New  three-phase  generators  with  stationary  windings  of  the  Oerlikon 

Inductor  type. 
Parallel  running  of  both  generators  (2  phases  of  the  three-phase  current 
in  series  for  single-phase  current). 
Conductors  entirely  underground. 

Primary  lines  with  several  main  leads  consisting  of  many  cables  in  parallel 
are  run  to  the  distributing  points  and  from  there  to  transformer  stations, 
with  a  maximum  loss  of  5  per  cent. 
Three-phase  cable  to  the  converter  station  is  quite  separate. 
Secondary  conductors  from  each  single  transformer  station  are  separate 
but  in  case  of  necessity  can  be  switched  in  parallel ;  three-wire  system 
2  X 100  volts. 
Transformer  stations  for  80  to  120  kilowatts  with  parallel  connected  trans- 
formers of  20  kilowatts. 
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EXTENSION   AND  OUTPUT. 

Water  power :— Minimum  600  HP.,  normal  1,000  HP.,  maximum  1,600  HP. 

Provision  for  enlarging  buildings  to  utilise  the  maximum  horse  power. 
Turbines  for  the  water  supply : — 

4  Low  pressure  at  175  HP.,  6  at  100  HP. 
2  High        ,,        ,,300    „    and  2  at  30  HP. 
Steam  engines  :— 

I  Steam  engine  at  750  and  2  at  1,000  HP.,  total  2,750  HP. 
I  „  „  300  HP.  for  water  supply. 

Electric  Generators  :— 

4  units  of  300  HP.,  1  unit  at  750  HP.  and  2  of  1,000  HP.,  total  3,950  HP. 
I  unit  of  300  HP.  for  continuous  current. 
Transformers  :— 

30  stations,  60  transformers  at  20  kilowatts,  total  1,200  kilowatts. 
Conductors  Underi^round  Cables- 

Primary,  total  length  of  line  12  kilometres. 

Length  of  wire  43        .» 

Greatest  distance  6        „ 

^condary,  total  length  of  line         50        „ 
Length  of  wire  200        „ 

Area  of  supply  by  the  whole  plant  about  6  square  kilometres. 
Lighting: — Connections  equivalent  to  that  of  39,000  16-candle-power  normal 

lamps. 
Power :— 200  motors  with  a  total  of  300  HP. 

Tram  sub-station  3  motors  at  300  HP.  or  a  total  of  900  HP. 

ENGINEERS  AND  CONTRACTORS. 

General  supervision  of  the  first  electric  plant :— W.  Wyssling,  Engineer, 

,^  ,,  of  further  extensions  :— H.  Wagner,  Engineer. 

Turbine  plant :— Escher  Wyss  &  Cie.,  Ziirich. 
Steam  engines  :— Gebnider  Sulzer,  Winterthur,  and  Escher  Wyss  &  Cie., 

Ziirich. 
Steam  boilers  :— Escher  Wyss  and  Cie.,  Ziirich. 

Electric  conductors  :— Kabelfabrik  Cortaillod  (Switzerland)  and  O.  Bondy 
(Vienna). 
(Additions  made  by  the  company  itself.) 
Electric  generators  :— Maschinenfabrik  Oerlikon. 
Transformer?  :—Maschincnfabrik  Oerlikon  and  Brown   Boveri  &  Cie., 

Baden. 
Motors :— Maschinenfabrik  Oerlikon  and  Brown  Boveri  &  Cie.,  Baden. 
Installations  for  lighting  :— The  town  works  of  Ziirich,    Stimemann   & 

Weissenbach,  Ziirich,  and  several  others. 


3. — Municipal  Electric  Supply,  Schaffhausen. 
(Elcktricitatswerk     der     Stadt     Schaffhausen.) 

Built  1896—1897.    Opened  February,  1897. 

{Visited  Tuesday,  September  5th.) 

DRIVING  POWER. 
Water  power  from  the  Rhine,  normal  1,500  HP.,  reserve  300  HP.    Station 
in  the  town  on  the  left  bank. 
VOL.  xxir.  14 
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AREA  OF  DISTRIBUTION. 

Power  and  Light  supplied  to  the  town  of  Schaffhausen,  chiefly  for  lighting. 

WATER  POWER  PLANT. 

Fall  from  4  to  5  metres. 

3  reaction-turbines  of  300  HP. 
Dam  about  1*5  metres  high,  but  can  be  raised  somewhat  by  boards. 
Canal: — 120  metres  long,  17  metres  broad  (at  the  entrance  27  metres  broad), 
3  metres  deep.    A  wall  built  on  a  rock  foundation  separates  the  canal 
from  the  river  Rhine. 
In  front  of  the  turbine  house  are  a  sluice  and  overflow. 
The  exhaust  is  drained  direct  into  the  Rhine. 
Machine  room  built  partly  on  rock  and  partly  over  the  Rhine. 

5  turbine  chambers,  3  of  which  are  for  the  electric  supply  of  the  town  and 
2  for  the  Kammgarnspinnerei  Schaffhausen.    Machine  room  38*5  metres 
long,  22-5  metres  broad. 
Turbines  regulated  by  hand,  hinged  doors. 

ELECTRIC  PLANT. 

2  generators  (one  as  reserve)  for  single-phase  alternating  current,  2,000  volts, 
50  periods  per  second,  i  three-phase  generator  as  reserve.  Two-phase 
used  for  lighting  and  will  be  reser\'e  for  the  intended  three-phase 
current-transmission  plant. 
Switch  arrangements  and  conductors: — Generators  running  in  parallel, 
primaries  of  transformers  in  pai*allel.  The  same  mains  serve  for  trans- 
mitting current  for  power  and  light. 

Motors  up  to  3  HP.  are  connected  direct  to  the  secondary  mains.  2  motors 
of  33  HP.  are  driven  at  high  voltage. 

High-pressure  conductors    are    laid    underground  and    have    armoured 
covering. 

Low-pressure  mains  are  underground  in  the  town  and  on  the  two-wire 
system  ;  in  the  suburbs  they  are  on  the  three-wire  system  and  overhead 

Voltage:  primary  ^  2,000  \o\is  \'  secondary^  in  the  centre  of  the  town  120 
volts,  and  in  the  suburbs  2  x  120  volts. 

EXTENSION  AND  OUTPUT. 

Water  power  for  town  supply,  normal  600  HP.,  maximum  900  HP.  for 
Kammgarnspinnerei,  normal  600  HP.,  maximum  600  HP.  buildings  for 
1500  HP. 
Erected :— 5  turbines  of  300  HP. 
Electric  generators :— For  town  supply,  2  of  300  HP.,  1  being  laid  down 

for  Kammgarnspinnerei ;  2  of  300  HP. 
Transformers :— 25  units  of  10  and  20  KW.,  total  440  KW.  in  22  stations. 
Power  :— II  motors  total  35  HP.  (low  pressure;. 
2      „  „    66  HP.  (high  pressure). 

Lighting : — Expressed  in  16  CP.  lamps  total  7200,  besides  19  arc  lanipft. 
Area  of  distribution  : — 5  square  kilometres. 
Primary  (underground)  : — 

Total  length  of  line    12,000  metres. 
Lcnglli  of  wire  24,000      „ 

Greatest  distance  2,000      „ 
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BeoondMy.                      Overhead.  Undergroand  cables. 

Total  length  of  line  13,000  metres  7i200  metres 

Length  of  wire  39»ooo      n  I4»400      „ 
Weight  of  copper            4,800  kilogr. 

ADDITIONAL  NOTES. 

Turbines  with  vertical  shafts  48  revolutions  per  minute.     Geared  to  the 
horizontal  shaft  of  the  generators  through  bevel  cog-wheels  to  170 
revolutions  per  minute. 
Electric  generators  and  exciters : — Oerlikon  inductor  type,  with  stationar>' 
windings,  horizontal  shafts,  two  bearings.    Armature  coils  shaped  on 
formers  and  laid  in  slots. 
Power  absorbed  =  300  HP.,  Speed  =  170,  Weight  =  16,000  kg. 
Efficiency  including  excitation  at  full  load  92  per  cent.     Pall  in  voltage 

in  lamps  6  to  8  per  cent. 
Each  generator  has  an  exciter,  belt-driven  from  the  generator  shaft ;  ex- 
citer  output  sufficient  for  two  generators,  but  usually  generators  are 
excited  each  from  its  own  exciter. 
Hand  regulation  of  voltage. 

There  are  concentric  high-tension  cables  of  60  sq.  mm.  leading   from 
generators,  with  switches,  fuses,  &c. 
Electric  conductors :— Loss  in  primary  conductors  3  per  cent,  maximum. 
„    „   secondary     „  2     „  „      . 

In  the  more  crowded  part  of  the  town  two  wires ;  and  in  the  suburbs 
three  wires  carried  on  overhead  poles. 
Transformer  stations  : — i  undergiound  station  for  4  transformers  of  20  KW. 

10  Stations  in  buildings  each  to  take  2  transformers  of  20  KW. 

1 1  Stations  in  separate  houses  each  for  2  transformers  of  20  KW. 

Transformers  in  two  sizes  : 
6  units  of  10  KW. 
19      „      „   20  KW. 
Motors : — Induction  motors  without  slip  rings  1*5-6  HP. 

Two  high-pressure  motors  of  33  HP.  with  slip  rings  and  starting  resist- 
ances in  armature  circuit. 
740  revolutions  per  minute.    50  cycles,  1,900  volts,  wound  as  three-phase 
motors,  and  running  temporarily  as  single-phase  motors  for  driving 
centrifugal  pumps. 

ENGINEERS  AND  CONTRACTORS. 

General  Supervision  :— Aug.  Habicht,  Engineer,  Schaifhausen. 

Turbine  plant  :— Escher  Wyss  &  Cie.,  Ziirich. 

Electric  generators  : — Maschinenfabrik  Oerlikon. 

Cables  : — Societe  d'ezploitation  des  Cables  electriques,  Cortaillod. 

Transformers :— Maschinenfabrik  Oerlikon. 

Motors :—  „  ,» 

Installations  .--—The  company  itself  and  other  firms. 
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4. — Rathausen  Central  Station  near  Luzern. 

ElektrizitMtswerk    Rathausen ,    Aktiengesellschaft, 
Luzern. 


Built  November,  1894—1896.    Opened  July,  1896. 


DRIVING  POWER. 

Water  power  in  Rathausen  on  the  Reuss  (1*5  kilometres  below  the  mouth 

of  the  Kleine  Emme). 
Steam  power  as  reserve. 

AREA  OF  DISTRIBUTION. 

Power  provided  for  factories  and  small  businesses  in  Luzern,  Kriens, 
Emmenbriicke,  Emmen,  Emmenweid,  Inwil,  and  Hochdorf,  as  also  for 
the  tramways  (converter  station  with  accumulators). 

Lighting  in  the  above  districts  and  partly  in  Lucerne  (Railway  station,  etc.). 

WATER  POWER  PLANT. 

FaU  varying  from  4-5  metres. 

In  summer  1,500,  in  winter  1,200  HP. 

5  double-bladed  wheel  reaction  turbines  300  HP.  each. 

Weir :— 40  metres  broad  (40  clappers  1*2  metres  broad  and  1-4  metres  high, 

only  used  at  low  water). 
Canal: — 32  metres  broad  and  running  almost  parallel  with  the  Reuss. 
8  sluices  of  4  metres  in  length  and  5*2  metres  high. 
Canal  1,200  metres  long  ;  at  entrance,  22  metres  broad  and  175  metres 

deep  ;  below,  1 1  metres  broad  and  3  metres  deep. 
In  front  of  the  grated  door  the  canal  is  broadened  to  29  metres.     The 

division  t)etween  the  canal  and  the  river  Reuss  is  a  concrete  wall  built 

on  rock  foundation. 
Fall  I '4  °/oo.    Speed  of  water  i  metre  at  a  surface  fall  of  6-3  %^    In  front 

of  the  sluice  is  an  overfall  30  metres  broad,  and  300  metres  above  the 

engine  house  is  an  automatic  overfall  which  opens  if  there  is  any  sudden 

rush  of  water. 
The  canal  beyond  the  turbine  house  is  1,200  metres  long  and  20  metres 

broad  at  the  bottom.    The  wall  is  of  concrete. 
Machine  room : — Built  on  a  foundation  of  rock  and  bedded  with  concrete 

to  the  level  of  the  machine  room  floor.    5  turbine  chambers.    Building 

situated  on  the  right  bank  of  the  canal,  with  space  for  a  sixth  turbine. 

Overhead  crane  of  12  tons  capacity  in  the  turbine  house,  another  of  12 

tons  for  the  steam-engines. 
South  wing  of  the  machine  room  51*6  metres  long,  9*3  metres  btx>ad  and 

io'9  metres  high. 
East  wing  (steam)  24*8  metres  long,  14-6  metres  broad  and  12-9  metres 

high.    Cubic  contents  of  the  whole  room  8,540  cubic  metres. 

6  HP.  turbine  for  working  the  revolving  sluices.    Workshop  in  the  south 
part  of  the  building. 

Regulation  of  Turbines : — The  inner  wheel  with  balanced  ring  sluice  is 
regulated  by  a  patent  automatic  regulating  device,  whereby  the  working 
is  performed  according  to  geometrical  progression,  so  that  the  regulated 
speed  remains  constant  at  each  variation  of  load. 
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STEAM  POWER  PLANT. 

I  tandem  machine  350  HP.  with  valve  regulation.     Coal  house  and  boiler 
house  built  on  to  the  turbine  house,  and  constructed  for  5  boilers  ;  at  the 
present  time  2  combined  multi-tubular  boilers  are  installed. 
Chimney  47  metres  high. 

ELECTRICAL  PLANT. 

Two-phase  current  (3  wires).    3,200  volts  per  phase.    FDwer  and  light  cables 
separate,  but  can  be  connected  in  parallel  if  required.    In  the  same  way 
the  generators  can  work  in  parallel  or  singly  on  any  chosen  circuit. 
Xear  "Eichhof "  (between  Luzem  and  Kriens)  is  a  primary  transformer 

station  with  reduction  of  3,000  to  1,500  volts. 
Cable  connection  with  the  town  through  8  transformers  of  25  kilowatts. 
Generators :  60  revolutions  and  40  cycles,  magnet  wheel  direct-coupled  to 
an  extension  of  the  turbine  shaft. 
Armature  stationary. 

One  generator  with  rotatory,  field  bolted  direct  to  the  crank-shaft  of  the 
steam-engine  and  constituting  the  fly-wheel.  Armature  stationary, 
inside. 
15  HP.  exciters  are  fixed  on  to  the  side  of  each  generator  and  driven  by 
cog-wheel  gearing  from  the  turbine  shaft  at  450  revolutions  per  minute  ; 
70  volts. 
The  steam-dynamo  exciter  is  keyed  on  to.  the  end  of  the  crank-shaft  and 

has  an  output  of  15  HP.  at  120  revolutions  ;  70  volts. 
The  efficiency  of  the  generators  at  full  load  is  about  90%  and  at  half  load 
about  87%. 
Switchboard  of  1 1*3  metres  breadth  and  4*8  metres  height. 

Each  conductor  can  be  tested  to  earth  when  the  circuit  is  closed. 
In  the  space  t>etween  the  turbine-chamt)ers  and  the  machine-room  arc 
separate  passages  for  the  conductors  which  lead  from  the  generators  to 
the  switchboard. 
Primaiy   conductors  in  the  open  air  are  fixed  on  brown  "three   bell" 
insulators  on  the  system  Sihlwerk  of  Wadensweil. 
Length  of  the  poles  10-18  metres,  average  distance  apart  38-^40  metres. 

Eml)edded  in  concrete  sockets  when  the  ground  is  unfavourable. 
The  primary  lines  cross  the  state  wires  {i.e.  telephone  and  telegraph)  19 

times. 
The  secondary  lines  cross  the  state  wires  (telephone  and  telegraph)  18 

times. 
There  are  24  crossings  over  the  railways  ;  and  8  below  railways  :  in  two 
cases  the  wires  are  led  down  an  iron  framed  tower,  under  the  railway 
and  up  again  on  a  similar  tower  placed  on  the  opposite  side  of  the 
railway.    Conductors  are  mounted  on  bell-shaped  insulators. 
Forked  lightning  arresters  behind  the  switchboard  and  at  all  end  stations. 
Secondary  voltage  for  power  2  x  250  volts,  for  lighting  125  volts  (motors 
of  50  HP.  upwards  work  on  the  high-pressure  circuit). 

EXTENSION  AND  OUTPUT. 

Water  power  :~Minimum  1,200  HP.,  normal  1,500  HP.,  maximum  1,800  HP. 

Water  plant:— Built  to  develop  1,800  HP. 

Building :— Laid  out  for  2,500  HP. 

Erected: — 5  turbines  at 300  HP.  and  i  steam  engine  at  350  HP. 
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Electric  g^enerators  :— S  at  300  HP.  and  i  at  350  HP.=totaI  of  1,850  HP. 
Transformers  : — 118  from  3-25  kilowatts,  total  199  kilowatts  in  29  stations. 
In  stations  of  more  than  5  kilowatts  capacity  2  or  more  tranformers  are 
installed. 
Power :— 8  motors  with  total  of  710  HP.  (high  pressure). 
85        „  „  „  924    „    (low  pressure). 

Altogether  93  motors  from  ^200  HP.  with  total  of  1634  nominal  HP. 
Lighting :— -Expressed  in  16  CP.  : — 3,400  incandescent  lamps  ;  and  138  arc 

lamps  besides. 
Area  of  supply  about  70  square  kilometres  and  about  5*6  square  kilometres 

for  secondary  circuit. 
Primary  conductors: —  Overhead  conductors.    Underground  cables. 


Length  of  line  (3-15  wires) 

308  km. 

2'9  km. 

Length  of  conductor 

1711      V 

8-7    „ 

Greatest  distance 

12-2     „ 

87        M 

Weight  of  copper 

46  tons 

Secondary  conductors :— 

Length  of  line 

15    km. 

0-8  km. 

Length  of  conductor 

537    „ 

1-8    „ 

Weight  of  copper 

I r  tons 

ENGINEERS  AND  CONTRACTORS. 

General  supervision  : — Engineer  R.  Isaak,  Luzem. 

Mechanical  and  electrical  plant » — Installed  under  thcdirection  of  P.  Lauber, 

Engineer,  Luzem. 
Weir  and  entrance  channel  :— Fietz  &  Leuthold,  Ziirich. 
Canal :— G.  Toneatti,  Kriens. 
Turbine  house  : — Fietz  &  Leuthold,  Zurich. 
Steam  engine  house  : — Architect  H.  Siegwart,  Luzem. 
Turbine  plant,  cranes,  transmission,  etc. : — Th.  Bell  &  Cie.,  Aktiengesell- 

schaft,  Kriens. 
Steam  engines  :— Gebriider  Sulzer,  Winterthur. 
Steam  boilers  : — Th.  Bell  &  Cie.,  Aktiengesellschaft,  Kriens. 
Transmission  lines  : — The  Company  itself. 
Cables  :— Feltens  A  Guilleaume,  also  Siemens  &  Halske. 
Electric  generators  :— Brown  Boveri  &  Cie.,  Baden. 
Transformers  : — Elektrizitfttsgesellschaft     Alioth,     Miinchenstein    and 

Brown  Boveri  &  Cie.,  Baden. 
Motors  : — These  two  firms. 
Installations  : — The  Company  itself. 


5. — The  Central  Station  on  the  Kander. 

'Headquarters  in  Thun. 

Owner  :  "  Motor,"  Aktiengesellschaft  ftir  angewandte  Elektrizitat  in  Baden. 

Built  1 897-1899.    Opened  in  June,  1899. 


{Visited  Saturday^  September  gth.) 


DRIVING  POWER. 

Water  power  from  the  river  Kander,  generating  station  near  Spiez  on  the 
lake  of  Thun. 
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AREA  OF  DISTRIBUTION. 

Power  and  light  supplied  to  the  towns  of  Bern  and  Burgdorf  and  to  the 
districts  of  Munsingen  and  Spiez. 
Railway  between  Burgdorf  and  Thun  (full  normal  gauge). 


WATER  POWER  PLANT. 

The  water  of  the  whole  Kander  at  Spiezwyler. 

Pall  to  the  lake  69  metres. 

Dam,  height  variable  according  to  volume  of  water. 

Sluices  with  arrangement  for  preventing  obstructive  material  passing. 

Open  canal :— 679  metres  long. 

Tunnel :— 857  metres  long  and  about  4  metres  sectional  area. 

Sheet  metal  pipe  : — 988  metres  long  to  a  reservoir  pipe  with  diani.  =  1,800 
millimetres;  from  reservoir  to  turbine  house  are  two  pipes  -1,600 
millimetres  diam. 

Turbine  house  close  to  the  lake  edge. 

Turbines  with  horizontal  shafts  and  shell-shaped  shovels,  with  automatic 
speed  and  pressure  regulators  (automatic  no  load)  and  artificial  auto- 
matic air  passages. 

ELECTRIC  PLANT. 

SjTStem  : — ^3-phase  alternating-current  generated  at  4,000  volts.    Separate  for 
regular  and  irregular  use. 
Distribution  in  the  immediate  neighbourhood  (to  about  10  kilometres)  with 

this  voltage. 
Step-up  transformer  house  to  16,000  volts. 
Secondary  circuits  different,  as  follows  : — 

In  Bern : — Three-phase  current  and  (omitting  i  phase)  single-phase  current, 

transformed  to  3,000  volts  and  distributed  into  the  mains  where  it  is 

generally  transformed  down  to  2  x  120  volts  (three-wire  system)  in  small 

sub-stations. 

In  some  cases  three-phase  motors  at  3,000  volts  convert  the  current  to 

continuous-current  at  600  volts. 
In  Burgdorf : — Current  transformed  from  16,000  to  500  volts,  and  at  one 
converter  station  (three-phase  motors  coupled  to  continuous-current 
dynamos)  for  service  in  the  town.    Elsewhere  motors  are  driven  from 
the  three-phase  current. 
In  Munsingen  :— Current  transformed  from  16,000  to  4,000  volts.    Trans- 
mission through  overhead  wires  and  again  transformed  down  for  the 
incandescent  lamps. 
For  the  railway  Burgdorf- Thun  :— Current  is  transformed  from  16,000 
to  750  volts,  part  is  again  reduced  to  120  volts  for  lighting.    (See  Burg- 
dorf-Thun -Railway,  p.  224.) 
Generators  of  900  HP.  at  300  revolutions   per  minute  direct-coupled   by 
flexible  couplings  to  the  turbines,  4,000  volts,  40  cycles. 
Rotatory  field,  stationary  armature  with  stamped  holes. 
Exciters  direct-coupled  and  fastened  to  generators. 
Excitation  of  fields  is  in  each  case  provided  with  current  from  i  dynamo 

driven  by  a  separate  turbine. 
Switch  arrangements : — Bus  bars  can  be  disconnected  in  different  parts  for 
separating  the  regular  and  irregular  load.    Generators  can  be  switched 
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in  as  required.    Switchboard  can  be  divided  into  two  halves  to  allow 

of  repairs  when  circuit  is  closed. 
Transformers  in  separate  buildings  for  transforming  4,000  volts  up  to  16,000 

volts. 
Reserve  transformer  to  be  switched  in  to  any  phase. 
All  single-phase  transformers  in  oil  with  water  cooling.    Each  300  K\V. 

with  2  vertical  cores  in  closed  cast-iron  cases. 
Conductors : — From  the  power-station  all  conductors  are  overhead  and  bare, 

mounted  on  porcelain  bell-shaped  insulators  ;  as  far  as  the  river  Aar 

near  Thun  all  conductors  are  carried  on  iron  towers,  which  are  fitted 

with  oak  blocks,  on  to  which  the  insulators  are  fixed.    From  this  point 

on  fir-tree  poles. 
Distance  to  Burgdorf  and  to  the  furthest*  point  in  Bern  at)out  47  kilo- 
metres. 
To  Burgdorf  and  for  the  railway  are  3  wires  ;  to  Bern,  3  for  motors  and  2 

for  lighting. 
Lightning  arresters  of  the  homed  type  connected  to  water  resistances 

at  the  ends  of  the  lines. 
Transformers  for  16,000  volts  in  Bern,  Burgdorf,  and  Miinsingen  50  KW. 

capacity. 
Single-phase  with  2  vertical  cores  laid  in  ribbed  cases  filled  with   oil, 

without  further  cooling.    (Further  details  given  under  Burgdorf -Thun - 

Railway,  p.  224.) 


EXTENSION  AND  DETAILS. 

Water  power :— Minimum  2,500  HP.  ;  normal  4,500  HP. 

Maximum  5,400  HP. 
Water  course,  &c. : — Provided  for  an  aggregate  of  6  machines =5,400  HP. 
Turbines  1—4  at  900  HP.    Total  3600  HP. 
Electric  generators :— 4  generators  of  900  HP. 
Exciters  : — ^2,  one  being  a  reserve. 
Transformers : — 

Primary  4,000/16,000  volts  : — 8  single-phase  of  300  KW.-=  2,400  KW. 
Secondary  15,000/3,000,  /4,ooo  and  /5,ooo  volts, 
in  Bern  16  of  50  KW.  =  800  K W. 

in  Burgdorf      7  of  50  KW.  =  350  KW. 
in  Miinsingen  3  of  50  KW.=  150  KW. 
Primary  4,000/120  volts  in  Spiez 

2  of  10  KW.  j 
Burgdorf -Thun- Railway  : — 
Primar>'  18,000/750  volts,  14  of  150  KW.  =  2,100  kilowatt 
Conductors :—  Overhead  in  the  open. 

Primary  :  Total  length  of  line  loo    km. 

Length  of  wire  564      „ 

Greatest  distance  47^    „ 

Weight  of  copper  100  tons. 

ENGINEERS  AND  CONTRACTORS. 

Supervision  :— Officials  of  the  company. 
Water  course  :— Locher  &  Cie.,  Zurich. 

Buildings  :—  „         „     „  „ 
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Turbine  plant :— Escher  Wyss  &  Cic,  Ziirich. 
Electric  conductors  :— Brown  Boveri  ft  Cie.,  Baden. 
Electric  generators :—     „  „        „    „  „ 

Transformers  : —  „  „        „    ,,  „ 

Motors :—  „  ,.        „    „ 


C-ELECTRIC  TRAMWAYS  AND  SAHWATS. 


I.— The  Zurich  City  Tramways 

(Owned  by  the  Municipality  of  Zurich). 


{V^isited  Monday,  September  4th.) 


10  kilometres  horse-car  lines. 

11  kilometres  electric  street  car  lines.     Total  length  of  electric  tramway 

lines,  18  kilometres. 
The  first  portion  built  of  the  electric  lines  was  a  private  undertaking  in  1893. 
Extensions  by  the  Municipality  1898-99.     Conversion  of  the  horse-tram- 
ways into  electric  tramways  now  in  progress. 

DRIVING  POWER. 

1.  For  electric  tramways  east  of  the  Limmat. 

a.  Steam  engine  plant  at  station  ''  Burgwies/'  Zurich  V. 
h.  Gas  engine  plant  at  station  "  Pluntem/'  Zurich  IV. 

2.  For  electric  tramways  west  of  the  Limmat. 

c.  Converter  station  "Selnau,"  Zurich  I,  with  motor-generator  sets 
driven  from  the  dty  central  station  (see  "  The  Central  Station,  Ziirich," 
p.  205). 

ROUTE. 

Electric  Trams :— Burgwies-Kreutzplatz-Bellevue-Paradeplatz. 

Bahnhof  Enge-Bellevue-Romerhof-Kreutzplatz-Hauptbah  nhof . 

Hauptbahnhof-Sihlbriicke-Heuried. 
Horse  Trams  : — ^Tiefenbrunnen-Bellevue-Helmhaus-Hauptbahnhof-Parade- 
platz-Enge. 

Helmhaus-Paradeplau-Sihlbrucke-Aussersihl. 

ELECTRIC    SYSTEM. 

Continuous  current,  550  volts,  overhead  trolley  with  return  through  rails. 

DETAILS. 
Power  Stations: — (1}  Burgwies  :    2  steam  engines  of  90  HP.  and  of  vertical 
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type,  belted  to  two  cx>inpound- wound  generators  with  accumulators  con- 
nected in  parallel  to  act  as  buffer  battery. 

The  accumulator  battery  consists  of  300  Tudor  cells  in  series,  for  277 
ampere-hours  capacity  and  81  amperes  maximum  discliarging  current. 

Automatic  cut-out.     Booster  for  chju-ging  cells. 

This  plant  was  the  first  ever  installed  with  an  accumulator  buffer  battcr\- 
for  electric  tramways. 

The  power  station  is  at  present  being  enlarged,  and  a  Sulzer  compound 
tandem  steam-engine  of  250  HP.  at  90  revolutions  per  minute  is  being 
installed.  This  engine  is  directly  connected  to  an  Oerlikon  compound- 
wound  generator. 

New  boQsters  and  boiler  are  also  being  installed. 

(2)  Fluntern  : — This  power  station  is  owned  privately.  . 

Dawson  gas-plant,  one  gas-motor  of  120  HP.,  and  three  gas-motors 
each  of  60  HP.  belted  to  cx>mpound  continuous-current  generators  of 
corresponding  size. 
Buffer  battery  of  515  ampere-hours  capacity. 

(3)  Selnau  : — 3  three-phase  motors  of  300  HP.  (2,000  volts  working  pres- 
sure) directly  connected  to  3  continuous-current  generators  of  corres- 
ponding size.    No  accumulator  battery. 

Tramway: — Gauge  one  metre.      Minimum  radius  of  curves,    15    metres. 

Maximal  inclines,  65°/oo,  80  metres  long  ;  5o°/oo,  258  meters  long. 
Rails: — Longest  rails  12  metres.     Phcenix  rails,  profile  7b,  were  adopted 

for  the  old  electric  lines.    These  rails  are  gradually  being  taken  out  and 

replaced  by  Phoenix  rails  of  profile  i8c,  which  are  used  extensively  for 

the  new  lines  and  re-laying  the  horse-tramways. 
Bedding  of  quarry  stones,  50  centimetres  by  25  centimetres,  placed  under 

length  of  rails. 
Weight  per  metre  of  rail  (Phoenix  18c)        494  kilogrammes. 

„  „        tramway        „  112-4  » 

Switches  and  crossings  made  out  of  rails. 
Electric  Conductors : — The  old  lines  have  been  entirely  reconstructed  on 

the  same  principles  as  the  new. 
Underground  lead-covered  feeding  cables,  system    Berthoud-Borel,  in 

burned  clay  channels. 
Contact  trolley  wires  everywhere  doubled,  2  hard  copper  wires  of  8 

millimetres  diameter,  6  metres  minimum  distance  above  rails. 
Wires  supported  by  Mannesmann  steel  tube  masts  and  hooks  in  the  walls 

of  the  houses.     Standard  distance  between  points  of  suspension,  35 

metres. 
Trolley  wire  system  split  up  in  sections,  each  about  1,000  metres  long  in 

centre  of  town,  and  about  1,800  metres  in  suburban  parts. 
Each  section  is  separately  fed,  and  the  corresponding  section  of  rails  has 

separate  return  cables.    Trolley-wire  sections  can  be  connected  at  will 

through  section  switches. 
Electric  rail  bonds,  type  "Bryan"  and  "Edison-Brown,"  both  applied 

with  Edison  alloys. 
Rolling  Stock : — Cars :  45  tram-cars,  each  with  2  axles  and  2  motors  with 

single  gear  reduction.    Series-parallel  speed  regulation. 
50  new  tram-cars  now  being  built  with  Peckham  trucks,  2  axles,  entirely 

enclosed  platforms  and  equipment  as  above. 
Car  equipment :— Motors  of  type  Oerlikon,  Walker,  and  G.E.  60,  with 

corresponding  controllers. 
For  the  new  cars  a  standard  equipment  of  2  G.E.  60  motors,  2  Si-Walker 
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controllers  and  3  Union  resistances  has  been  selected.  Each  car  is  lilted 
with  2  automatic  cut-outs,  copper  fuse,  lightning  arrester,  choke  coil, 
Nuttall  trolley  base,  etc. 

Car  sheds : — At  Burgwies,  Heuried,  Seefeld  and  Aussersihl. 

Running: — ^At  3  minutes  intervals,  and  with  maximum  speed  of  12  kilo- 
metres per  hour ;  and  at  6  minutes  intervals  and  18-kilometre  speed  in 
the  suburban  portion  of  the  route. 

Repairs : — All  repairs  made  in  own  repair  shops. 

ENGINEERS  AND  CONTRACTORS. 

General  supervision :— P.  Schenker,  M.E.,  with  the  assistance  of  J.  S. 

Edstrom,  E.E. 
Contractors  for  bedding  : — Th.  Bertschinger  of  Lenzburg. 

„  „   rails  : — The  Phcenix  Company  of  Laar  near  Ruhrort. 

„  „   trolley  wire  system  : — Maschinenfabrik  Oerlikon. 

„  „    rolling    stock :— Schweizerische    Industriegesellschaft    of 

Neuhausen,  and  Geissberger  &  Co.,  Zurich. 
Tram-car  motors  (see  above)  and  car  equipment ;   electric  rail  bonds,  etc. 
bv  own  staff. 


2. — Electric  Tramway :  Ziirich-Oerllkon-Seebach. 


Limited  company,  Zurich  IV. 
Built  1897,  and  opened  on  22nd  October,  1897. 


{Visited  Monday^  September  4th.) 


DRIVING   POWER. 

Gas  is  produced,  in  a  building  adjoining  the  generating  station,  by  a  Dowson 

gas  plant. 
The  line  starts  from  Bahnhof-Brucke  in  Zurich  and  runs  to  the  railway 

crossing  at  Oerlikon,  at  the  other  side  of  which  is  a  connection  to  Seebach. 

ELECTRIC    SYSTEM. 

Continuous  current  at  550  volts. 

Overhead  wire  and  trolley,  return  through  the  rails. 

EXTENSION    AND    DETAILS. 

Central  Station :— -2  gas  generators  of  100  HP.,  and  i  at  200  HP.  Three 
steam  boilers,  capacity  200  HP.  Anthracite  coal. 
.Gas  motors: — 3  horizontal  single-cylinder  gas-motors  of  125  HP.  at  180 
revolutions  per  minute. 
Dynamos  : — 3  compound  -  wound  continuous  -  current  dynamos  direct- 
coupled  to  the  gas  engines,  180  revolutions  per  min.,  550  volts,  and  4 
poles.  Armatures  drum-wound,  copper  commutators  with  carbon 
tmishes. 
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Accumulator  battery  connected  in  parallel  with  the  dynamos,  being  alter- 
nately charged  and  discharged  by  the  trams.    280  Tudor  cells  in  series, 
having  capacity  of  370  ampere  hours.    Cells  automatically  cut  out. 
Reserve  dynamo  (converter  550/150  volts)  for  charging  battery. 
Tram  linea :— Total  distance  5,500  metres. 
Length  of  tramway  8,000  metres. 

Gauge  between  rails  i  metre. 

Minimum  curve  radius      25  metres. 
Rise  : — Maximum,  64  °/oo  ;  average,  1 1  3  *'/oo. 
Rails  : — In  the  town  of  Ziirich  : — Phoenix  rails,  proAle  14b. 

Weight  for  railway  per  metre  90  kilogrammes,  and  for  rail  per  metre  42*5 

kilogrammes.    Rails  laid  on  stone  bedding  25  centimetres  deep. 
Outside  the  town  (from  17   kilometre  on)   profile  5,  rails  weighing  33 
kilogrammes  per  metre  laid  on  iron  sleepers,  8  to  10  metres  of  rail. 
The  Electric  Conductora  :— Distance  divided  : — 

1.  Zurich  Central  station, direa-connected and  with  feeders  250  millimetres 
below  surface,  2400  metres  long. 

2.  Generating  station  Seebach,  direct-connected  with  tram-lines. 
Thomson's  lightning  arresters  at  station  and  at  the  end  of  feeding  cable. 
Contact  wire  : — Double  contact  wire  8  millimetres  diameter  fixed  on  wire 

stretched  at  right  angles. 

Minimum  height  above  rails  is  6  metres. 

Iron  masts  (outside  the  town  sometimes  wood). 
Rolling  Stock:— 20  tram-cars,  with  two  axles,  20  seats  inside  and  with  two 
platforms  for  8  persons,  8  brakes  on  car. 

Electrical  equipment : — 2  motors  of  18  HP.  at  450  revolutions. 

Gear-reduction  i  :  4*5.  Voltage  550.  Regulation  by  series-paralled  switch 
with  7  contact  points  for  forward  and  backward  motion.  On  these  con- 
trollers are  contacts  for  an  emergency  brake.  The  Resistance  is  of 
sheet-Iron  ribbon. 

2  safety  fuses  and  lightning  protector. 
Running: — Trams  run  from  5  a.m.  till   11  p.m.,  with  6  minutes  inter\-als 
between  cars. 

Speed,  maximum  25  kilometres  per  hour. 

10  cars  running  on  week-days  ;  18  to  20  on  Sundays. 
Results  of  traffic  :— Each  tram-car  travels  1,610  kilometres  per  day. 

Passengers  per  car-kilometre,  3*2. 

Income  per  car-kilometre  43  centimes. 

Cost  per  kilometre  is  34-4  centimes. 

Coal  consumed  per  eff.  HP.  hour  of  the  gas-motors  0*65  kilogramme 
(Anthracite  coal). 


ENGINEERS  AND  CONTRACTORS. 

General  supervision  :— Maschinenfabrik  Oerlikon  for  the  whole  plant. 

Buildings : — Ingenieur  J.  H.  Kuhn  in  Zurich. 

Road  : — Th.  Bertschinger  of  Lenxburg. 

Rails  :— Phoenix  Company  in  Laar  near  Ruhrort. 

Machine  equipment,  Power  station  : — 

Dowson-gas  plant  :->Gasmotorfabrik  Deutz. 
Gas  machines  ,,  ,, 

Electric  machinery  :— Maschinenfabrik  Oerlikon. 

Accumulator  battery  :— Accumulatorenfabrik  Oerlikon. 


Digitized  by  LjOOQ  IC 


1900.J        REPOl^r  OP  THE  SWISS  VISIT  COMMITTEE.  219 

/tolling  stock  :— 

Tram-cars :— Schweiz.  Industriegesellschalt  Neuhausen. 
Electric  motors,  fittings,  etc.    Maschinenfabrik  Oerlikon. 
Overhead  contact  lines,  etc.  „  „ 

Repairing  shops  „  „ 


3. — Electric  Tramway  in  the  Industriequartier  Zurich. 


Limited  Company  in  ZUrich  III. 
Built  1897-1898.    Opened  April,  1898. 


Driving  Power  r—Current  from  the  Zurich  central  station. 
Route : — Bahnhofplatz  Zurich  to  Limmatbriicke  near  Wipkingen. 

ELECTRIC  SYSTEM. 

Continuous  current,  550  volts,  overhead  trolley- wire,  return  through  rails. 

EXTENSIONS  AND  DETAILS. 

Power  Station : — Continuous-current  machine  from  the  central  station  in 

Letten.    No  accumulators. 
Route : — 2,100  meters  long. 
Gauge  between  rails,  i  metre. 
Minimum  radius  of  curve,  18  metres. 
Maximum  rise,  50°/oo- 
Rails  single  track  with  5  sidings. 

Phoeni.x  rails,  profile  14b,  Weight  per  metre  42  kilogrammes. 
Weight  of  tramway  per  metre  94*6  kilogrammes. 
Electric  Conductors :— Contact  wire  8  mm  diameter,  everywhere  double. 

Mannesmann  iron  masts. 
Rolling  Stock: — 9  tram-cars  with  2  axles  and  2  motors  of  18  HP.    Regu- 
lation by  series-parallel  switches. 
Running  at  intervals  of  6  minutes. 

BUILDERS. 

Whole  electrical  equipment : — Maschinenfabrik  Oerlikon. 
Cars  (alone,  without  electrical  eouipment) : — Waggonfabrik   Neuhausen 

(Switzerland). 


4. — Electric  Tramway  Luzern. 

(Owners  :  Politische  Gemeinde  Luzem.) 


In  course  of  construction. 


DRIVING  POWER. 

Two-phase  electric  motors  at  2,300   volts    in    the  converter  station    of 
Steghof,  current  supplied  from  the  central  station  of  Rathausen. 


Digitized  by  LjOOQ  IC 


220  REPORT  OF  THE  SWISS  VISIT  COMMITTEE,    [Jan.  11th, 

ROUTE. 

Maihof-Bahnhof-Untergrund  and  Haldenstrasse-Bahnhof-Kriens. 

ELECTRIC  SYSTEM. 

Continuous-current  575  volts,  overhead   contact   wires  and  trolley,   return 
through  rails. 

EXTENSION  AND  DETAILS. 

Power  Station  (converter  station)  : — Sepaiate  building,  containing  : — 

2  motor-generator  groups,  consisting  of  2-phase  motors  2,300  volts  150 
HP.  and  continuous-current  shunt- wound  generators  90  KW.  575  volts, 
470  revolutions. 

1  Accumulator-battery  270  Tudor  cells  of  198  ampere-hours  capacity, 
connected  in  parallel  with  continuous-current  dynamos,  as  buffer 
battery. 

Route ; — Maihof-Bahnhof-Untergrund  : — 2,500  metres. 
Haldenstrasse-Bahnhof-Kriens  : — 4,700  metres. 
Total  length  of  tramway  : — 9,700  metres. . 
Rise  maximum  45  °/oo,  average  6  7oo- 
Gauge  I  metre.    Minimum  radius  of  cur\*e  25  metres. 
Tram  lines :— Single  track  with  sidings. 
Phoenix  rails  profile  25  with  cross  bars. 
Straight  joints. 
Weight  per  metre  of  rails  48-5  kilogrammes  ;  and  per  metre  of  tramway 

1 14  kilogrammes. 
Bedding  of  stone  30  centimetres  deep. 
Electric  Conductors :— Double-contact  wires  8  millimetres  in  diameter  of 
copper.    Height  6  metres  above  ground.    Mannesmann  masts. 
6  subdivisions,  each  separable.    Feed  and  return  conductors  underground. 

2  feeders  of  250  square  millimetres  to  the  Bahnhof. 

I  return  cable  of  250  square  millimetres  to  the  Bahnhof. 

1  feeder  of  200  square  millimetres  to  railway  station  Gutsch. 

2  feeders  to  Birsigstrasse. 

Rolling  Stock: — 20  tram-cars,  with  2  axles,  16  scats  inside,  room  for  14 
standing  on  the  platforms.  8  brakes. 
Electrical  equipment : — 2  motors  with  gears  of  25  HP.,  series  wound  500 
volts,  400  revolutions,  gear  ratio  i  :4'5,  regulation  by  series-parallel 
switch  with  8  points,  2  automatic  cut-outs.  Trolleys  with  side  move- 
ment. 
Tram-cars  electrically  heated. 

Car  house  in  the  Birsigstrasse,  adjoining  the  converter  station,  holds  30  cars  ; 
repairing  shops,  offices,  &c.,  in  the  same  building. 

Running  at  intervals  of  7J  minutes. 

ENGINEERS    AND    CONTRACTORS. 

Contractors  and  authors  of  the  scheme  : — Maschinenfabrik  Oerlikon. 

Buildings  :— Architect  Professor  Schneider,  Luzern. 

Tramway  : — Rails  by  the  Aktiengesellschaft  Phonix  in  Laar  near  Ruhrort. 

Laid  down  by  the  N.  Bosshardt,  Ziirich. 
Converter  station  : — 

Electric  machinery  : — Maschinenfabrik  Oerlikon. 

Accumulator  batteries  :-  Accumulatorenfabrik  Oerlikon. 
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J?o//ing  stock  :— 

Cars  :— Schweiz.  Industriegesellschaft  Neuhausen. 

Electric  equipment : — Maschinenfabrik  Oerlikon. 
Overhead  conductors : —  „  „ 

Cables :— Kabelfabrik  Cortaillod. 
Kepairing  shops  :— Maschinenfabrik  Oerlikon. 


5. — The  Stansstad-Engelberg  Electric  Railway. 

Elektrische    Bahn    Stansstad-Engelberg,    Aktiengesell- 
schaft  in  Stans. 

Built  1897-1898.    Opened  in  September,  1898. 


{Visited  Thursday,  September  7th.) 


DRIVING    POWER. 

Water  Power:— Spring  with  reservoir,  415  metres  above  the  power  station 
Obermatt. 

ROUTE. 

Stansstad-Stans-Ehgeibcrg,  a  part  of  which  from  Obermatt  to  Gherst  is  laid 
with  rack,  the  rest  with  adhesion  rails. 

ELECTRIC   SYSTEM. 

Three-phase  alternating  current  at  750  volts  from  generators  direct  on  to  the 
trolley  wire.  For  the  other  end  current  raised  to  5,000  volts  by  two  step- 
up  transformers  and  transmitted  on  overhead  conductors  to  2  transformer 
stations  in  Dallenwyl  and  Stans  and  there  transformed  back  to  750  volts. 

In  addition  there  are  special  feeders  taken  from  the  generator  station  and 
transformer  station. 

Two  overhead  contact  wires,  the  third  Ixring  the  rails ;  current  collected  by  two 
bows. 

EXTENSION    AND   DETAILS. 

Power  Station: — 3  generators  of  180  HP.  coupled  direct  to  high-pressure 
turbines,  with  a  reserve. 

2  separate  exciters  of  12  HP.  direct-coupled  to  high-pressure  turbines,  one 
reserve. 

Generators  with  revolving  armatures,  holes  stamped. 

3  single  transformers  at  30  kilowatts  750/5,300  volts. 
Liquid  resistance  used  to  take  loads  during  descent  of  cars. 

2  secondary  transformer  stations  having  3  single-phase  transformers  of  30 

kilowatts  at  Dallenwyl  and  Stans. 
Route : — Total  length  22,500  metres. 
Gauge  I  metre. 

Rise  : — M:iximum  on  the  adhesion  track    50  °/oq. 
Maximum  „    „•    rack  line  250  "/o©. 

Tram  Lines: — System  Vignole-Adhesion  mils,  rack  system  Riggcnbach. 
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The  Electric  Conductors  : — Circuit  breakers  in  the  trolley  line. 

Wooden  masts  used  throughout,  telephone  wires  on  the  same  masts. 
Rolling  Stock  1—7  cars  each  with  3  asynchronous  motors  of  35  HP.  (total 

490  HP.)  and  with  single-gear  reduction. 
Speed  regulated  by  resistance  inserted  in  the  rotor  circuit,  by  means  of 

slip-rings  and  brushes. 
Electric  heating  and  lighting  by  special  transformer  in  car. 
3  electric  locomotives  with  motors  of  150  HP.  (total  450  HP.)  regulation  as 

in  the  above  case. 
Wagons  for  carrying  goods. 
Each  locomotive  is  fitted  with  several  mechanical  hand  and  automatic 

brakes. 

ENGINEERS  AND   CONTRACTORS. 

Supervision  :sLocher  ft  Cie.,  Zurich,  and  Brown  Boveri  St  Cie.,  Baden. 
Canal :— Lecher  A  Cie.,  Ziirich. 
Buildings:—         „         „    ., 

Turbine  plant :— Th.  Bell  ft  Cie.,  Aktiengesellschaft,  Kriens. 
The  electric  plant : — Brown  Boveri  ft  Cie.,  Baden. 
Electric  generators :—    „  „        „    „  „ 

Transformers:—  „      .     „        „    „ 

Motors  and  other  electrical  equipment  also  rolling  stock : — Brown  Boveri 
ft  Cie.,  Baden. 


6. — The  Jungfratt  Railway. 
Jungfraubahn,  Aktiengesellschaft  in  Zurich. 

In  construction  since  1897.     A  part  opened  in  the  summer  1898. 


(Visited  Friday,  September  8th.) 


DRIVING  POWER. 

Water  power  from  the  White  Liitschine  near  Lauterbninnen. 

ROUTE. 

Wengemalp-Jungfrau.  At  present  trains  run  from  Wengemalp  to  Eigerwand 
(3  kilometres). 

ELECTRIC  SYSTEM. 

Three-phase  current  with  7,000  volts  transmitted  from  generators  by  over- 
head wires. 

Transformed  to  120  volts  for  the  lighting  of  Lauterbninnen  and  Wengen,  for 
boring,  and  at  stations. 

Transformed  to  50c  volts  for  locomotives  and  building  purposes. 

2  overhead  contact  wires,  third  through  rails. 

Connection  made  by  2  trolleys,  and  slide  contact-maker. 
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EXTENSION   AND  DETAILS. 

Power  Station : — Fall  40*8  metres,  dam,  sluices  and  grated  doors,  iron  pipe 

1*630  -f-  700  metres  long. 
Machine  house  for  4  turbines  of  which  3  are  of  500  and  i  of  800  HP.,  System 
"  Girard  "  with  horizontal  shafts  and  having  two  wheels  at  380  revolu- 
tions. 
3  turbines  of  25  HP.  at  600  revolutions  for  excitation  ;  all  turbines  auto- 
matically regulated. 
Electric  Generators : — 2  units  of  500  HP.  and  i  of  800  HP.  coupled  direct 
(and  insulated)  to  turbines. 
380  revolutions  per  minute,  38  cycles,  7,000  volts,  three-phase  current. 
Inductor  t>'pe  (stationary  windings),  high  pressure,  prepared  and  formed 
and  then  laid  in  slots. 
Exciters  :— 2  of  25  HP.,  shunt  wound,  direct-coupled  to  separate  turbines. 
Switching  arrangements  for  parallel  running  and  voltage  regulation  by 
exciter  voltage,  for  three-phase  or  single-phase  current  (the  latter  case 
for  lighting  with  one-phase). 
Primary  Conductors : — ^Throughout  bare  wire  overhead,  on  three-fold  porce- 
lain bell  insulators  mounted  on  masts  of  wood,  with  a  maximum  of  10  % 
loss.    Power  and  light  separate. 
There  is  a  line  length  of  10  kilometres  for  the  railway  and  also  3  kilo- 
metres for  lighting. 
The  wires  from  generator  station  to  railway  have  a  rise  of  1,500  metres. 
Lig^htning  Protectors : — Siemens  &  Halske  horned-type  lightning  protectors 
at  each  end  of  the  conductors,  and  on  every  pole  is  a  pointed  wire 
connected  to  the  earth. 
Transformer  station  in  separately  built  houses,  differing  according  to  the 
lighting  requirements. 
For  the  railway  are  two  (later  3)  transformers  of  200  KW.,  500  volts 
secondary  pressure  ;  in  the  lower  part  of  the  railway  they  are  2  kilo- 
metres apart,  in  the  upper  part  (in  tunnel)  a  station  at  each  kilometre. 
Transformers  with  3  vertical  iron  cores,  primary  and  secondary  coils 
placed  conaxially  over  one  another. 
Contact  wire  of  the  railway : — Two  wires  of  9  mm.  diameter  of  hard-drawn 
copper  fixed  to  wires  drawn  at  right  angles  to  contact  wire,  insulated 
and  mounted  on  wooden  masts.    These  masts  also  carry  the  feeders. 
Rails,  joined  by  railtx)nds,  from  the  third  conductor. 
Present  route : —  Open  way    2  kilometres. 

Tunnel         i  „ 

Gauge  I  metre. 

Vignole  rails  and  rack. 
Avera^  rise  on  the  open  120  °/oo. 
„        „     in  the  tunnel  250  "/oo. 

Rolling  Stock  :— 4  locomotives  so  arranged  that  part  of  Ihe  wagon  rests  on 
the  locomotive  :  each  locomotive  has  2  motors  with  a  maximum  output 
of  200  HP. 
Electrically  heated  and  lighted. 
Electromotors : — 8  small  motors  with  three-phase  current  for  driving  venti- 
lators, pumps,  etc.  in  tunnel  work,  altogether  50  HP. 
Rock-boring  machines: — Electrical  percussion    t)oring  machines  on  the 
solenoid  principle,  continuous  current,  6  machines  being  worked  in  the 
tunnel  and  6  in  reserve. 
VOL.  xxnt.  15 
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ENGINEERS  AND  CONSTRUCTORS. 

Supervision  :— Jungfrau  railway,  Head  engineer  Gobat. 
Buildings  of  water  course  : — Gobat  *<&  Strub,  Head  engineers. 
Iron  pipes: — Aktiengesellschaft  J.  J.  Rieter. 

„  „  Escher  Wyss  &  Cie. 

Buildings  :— Jungfrau  railway,  Head  engineer  Gobat. 
Turbine  plant :— Aktiengesellschaft  J.  J.  Rieten 

„  „         Escher  Wyss  &  Cie. 

Electric  conductors  :— Jungfrau  railway,  Electrical  engineer  Lomsche. 

Installed  by  F.  Fuchslin,  Aarau. 
Electric  generators  : — Maschinenfabrik  Oerlikon. 
Transformers : —  „  „ 

Ix)comotives : — Lokomotivfabrik    Winterthur,    Brown    Boveri    &   Cie., 

Baden,  and  Maschinenfabrik  Oerlikon. 
Motors  '.—Maschinenfabrik  Oerlikon  and  Brown  Boveri  &  Cie.,  Baden. 
Lighting  installations  -.—Jungfrau  railway.  Electrical  engineer  Lomsche. 
Boring  machines  :— Elektrizitfits-Gesellschaft  Union,  Berlin.  • 


7.— The  BurgdorMhun  Electric  Railway. 

Elektrische  VoUbahn  Burgdorf-Thun,  Aktiengesell- 
schaft in  Burgdorf. 

Built  1897-1899.    Opened  July,  1899. 


(Visited  Saturday^  September  gth.] 


DRIVING  POWER. 

Water  power  at  the  Kander  station  (see  p.  212). 

ROUTE. 

From  Central-Bahn-Bahnhof  Thun  over  Konolfingen  (crossing  the  Bern- 
Luzem-Railway)  to  the  Central-Bahn-Bahnhof  Burgdorf,  the  route 
Burgdorf-Hasle  is  worked  in  common  with  the  Emmenthal  steam  rail- 
way.   The  gauge  is  normal  and  the  railway  has  its  own  line  of  rails. 

ELECTRIC  SYSTEM. 

Three-phase  current.  Tension  of  4,000  volts  at  the  Kander  station  and  raised 
to  16,000  volts.  Transmission  by  overhead  lines  along  the  railway  to  the 
transformer  stations,  and  there  reduced  to  750  volts. 

Two  contact  wiqes  and  the  rails  form  the  three  leads.  Trolley  of  the  bow 
type. 

EXTENSION   AND  DETAILS. 

Power  Station  :— -(See  Kander  central  station.) 

Route :— Total  length  of  line  40,000  metres.  Three  tunnels  together  35a 
metres  long.    Railway  536  to  770  metres  above  sea-level. 

3  large  iron  bridges  and  many  small  ones. 

Gauge  normal. 
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Minimum  radius  of  curve  250  metres. 

Maximum  rise  25  **/oo. 
Rails: — Cast-steel  Vignole  profile,  weighing  36  kilogrammes  per  metre  on 
iron  sleepers  for  i  of  the  distance  ; 
\vood     „         „  i  „    „ 
Electric  Conductors: — High-tension  conductors  separate,  not  always  following 
the  railway,  mounted  on  wooden  poles.    Nearest  point  (starting  point) 
of  the  railway  9  kilometres  from  the  Kander  power  station. 

3  wires  of  5  mm.  diameter  copper. 

45  metres  average  distance  between  masts.    5  %  maximum  loss. 

49  kilometres  length  of  line  and  27  tons  weight  of  copper. 

Contact  wire,  750  volts,  2  overhead  wires,  hard  copper  8  mm.  diameter  ; 
holding-up  wires  35  metres  (average)  distance  apart,  with  double 
insulators. 

40  kilometres  length  having  a  copper  weight  of  36  tons  and  15  %  loss. 
Transformer  Stations: — 14,  distributed  over  the   length  of  the  route,  in 
stations,  each  provided  with  transformers  of  150  kilowatts  in  ribbed  boxes 
and  immersed  in  oil,  and  without  further  cooling. 

The  transformer  stations  serve  as  towers  for  the  wires  and  have  forked 
lightning  arresters  with  water  resistances. 

A  special  wagon  is  used  for   making   repairs  and  conveying  the  trans- 
formers. 
Rolling  Stock : — 2  electric  locomotives  with  two  axles  coupled,  2  asynchronous 
motors  300  HP.  and  cog-wheel  reduction. 

Carriages  for  goods  and  passengers,  total  weight  28  tons,  electrical  equip- 
ment 10  tons. 

6  automobile  carriages,  4  axles,  i.r.,  with  two  bogies  with  two  asynchronous 
motors  together  240  HP.,  and  66  seats,  total  weight  32  tons,  electrical 
equipment  S^tons. 

Locomotives  and  automobiles  carry  in  front  2,  and  behind  2,  contact  bows 
to  conduct  the  current  to  motors. 

Locomotives  and  automobiles  have  the  speed  regulated  by  a  variable 
resistance  in  the  rotor  circuit.  They  have  small  three-phase  motors 
driving  the  air-compression  plant  of  the  Westinghouse  brake.  They 
can  always  be  coupled  to  any  carriages  of  the  Swiss  standard  railway. 

They  contain  small  transformers  and  switches  for  electric  lighting  and 
electric  heating. 

DRIVING. 

Single  and  double  passenger  trains  consisting  of   two  automobiles  with 

carriages.    Speed  36  kilometres  per  hour  (single  train  55  tons). 
Goods  trains  with  locomotives  run  at  half-speed. 
Steam  engine  in  reser\'e. 

ENGINEERS  AND  CONTRACTORS 

of  the  whole  electric  plant  and  equipment :  Brown  Boveri  A  Cie.,  Baden. 


Mr.  Cromptox  (whose  remarks  were  illustrated  by  lantern  slides) :   Mi. 
I  think  the  Institution  as  a  whole  is  to  be  congratulated,  not  only  on   ^*'*>*"p^**"- 
the  Swiss  visit,  but  on  the  very  able  report  that  the  Committee  has  pre- 
pared on  that  visit.    The  report  will  be  of  extreme  value,  not  only  as  a 
work  of  reference,  on  account  of  the  statistics  it  contains,  but  because 
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Mr.  it  will  definitely  state  for  the  benefit  of   those  who  come  after  us, 

romp  on.  exactly  what  was  the  state  of  the  Swiss  electrical  engineering  industry 
at  the  time  of  our  visit. 

The  tour,  as  far  as  I  was  concerned,  commenced  at  Basel.  There 
the  first  object  noticed  was  the  electric  tramway.  The  only  thing  that 
I  can  say  in  regard  to  that  tramway  is  that,  when  it  was  first  put  down, 
a  couple  or  three  years  ago,  by  Siemens  &  Halske,  of  Berlin,  I  was  laid 
up  in  a  house  within  twenty  feet  of  the  tramway,  and  then  it  was 
impressed  upon  me  for  the  first  time  what  a  wonderful  thing  an  electric 
tramway  is  :  cars  could  pass  at  frequent  intervals  in  front  of  a  house 
where  I  was  passing  a  sleepless  night,  and  yet  I  was  quite  undisturbed. 
Except  for  the  hissing  noise  of  the  bar  along  the  wire,  it  was  not 
possible  to  tell  that  the  car  was  passing  the  house.  This  shows  how 
electric  tramways- can  be  carried  into  a  residential  neighbourhood  and 
yet  be  a  far  less  disturbing  influence  than  almost  any  other  means  of 
transit. 

We  next  went  to  Rheinfelden,  and  visited  the  Power  House,  where 
we  saw  typical  Swiss  practice,  almost  the  first  development  in  which 
Swiss  practice  began  to  differ  from  our  practice,  which  was  forced 
upon  them  by  the  very  frequent  necessity  of  running  dynamos  on  the 
vertical  shaft  of  their  turbines.  The  Swiss  engineers  began  to  under- 
take large  work,  and  to  put  down  (I  think  I  am  right  in  saying)  almost 
the  first  large  installations  for  electrolytic  work  which  demanded 
large  low-tension  continuous-current  dynamos.  Mr.  Brown,  whilst  at 
Oerlikon,  commenced,  and  afterwards  the  Maschinenfabrik  Oerlikon 
and  others  followed  in  the  same  lines,  using  the  vertical  type  of  dynamo 
to  which  we  have  been  unaccustomed  in  this  country,  but  which  has 
become  quite  a  common  type  in  Switzerland. 

I  think  the  first  point  we  noticed  was  that  the  Swiss  engineers 
were  not  afraid  of  a  rise  of  temperature  which  would  appal  the 
consulting  engineers  in  this  country.  We  noticed,  when  we  opened 
the  doors  of  the  power  houses,  a  puff  of  warm  air,  which  was  after- 
wards a  familiar  feature  to  us,  and  which  we  were  led  to  believe 
was  quite  the  right  thing.  It  seemed  wrong  enough  to  us  when  we 
first  entered  these  power  houses,  but  we  found  out  afterwards  that  it 
was  practically  right,  as  the  machines  are  quite  efficient  enough,  and 
have  certainly  not  suffered  from  any  deterioration  of  the  insulation  due 
to  over-heating. 

After  leaving  Rheinfelden,  we  went  through  Messrs.  Brown, 
Boveri's  works,  and  then  proceeded  to  Zurich,  and  we  were  several 
days  there.  Throughout  those  days  we  had  an  opportunity  of 
inspecting,  at  our  leisure,  the  various  great  Swiss  manufacturing 
electrical  works — Oerlikon,  Brown  Boveri's,  and  Alioth's  at  Basel.  The 
first  works  we  went  over  were  those  of  Messrs.  Brown,  Boveri.  I 
take  this  opportunity  of  calling  your  attention  to  the  history  of  Swiss 
electrical  engineering.  Switzerland  is  a  country  where  coal  is  dear, 
where  water  supply  is  plentiful,  and  where,  from  the  very  first,  some 
form  of  transmission  of  the  power  available  in  the  water  had  been 
practised.  At  Schaffhausen  there  are  various  kinds  of  wire-rope  trans- 
—  mission,  and  as  early  as  1882,  Messrs.  Sulzer  Brothers,  as  one  of  them 
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reminded  mc,  ordered  from  me  a  pair  of  dynamo  machines  for  the  Mr. 
purpose  of  electrical  transmission  at  this  place,  and  I  was  exceedingly  cronipton. 
proud  to  find  that  this  was  the  first  electrical  transmission  in  Switzerland. 
Sixt>*-five  per  cent,  net  efficiency  was  obtained,  and  that  was  considered 
so  satisfactory  that  I  believe  I  was  the  humble  means  of  inducing  a 
^rcat  many  Swiss  engineers  to  take  the  matter  up.  At  all  events,  Mr. 
Charles  Brown  very  shortly  afterwards  began  to  carry  on  work  in  the 
old  machine-tool  factory  at  Oerlikon,  and  very  rapidly  made  his  name 
and  fame  there.  As  you  know,  he  afterwards  moved  on  to  his  own 
works  at  Baden.  Oerlikon  then  passed  successively  under  the  very  skilful 
hands  of  Kolben  and  the  Hubers.  We  also  met  another  exceedingly 
good  engineer  in  Biirgin's  old  partner,  Alioth,  at  Basel.  The  ad- 
vantage that  these  men  enjoyed  in  having  in  their  midst  the  style 
of  workmanship  and  mechanical  training  available  in  the  works  of 
Messrs.  Escher  Wyss  &  Co.,  in  the  Winterthur  Locomotive  Works, 
and  last,  but  not  least,  in  the  works  of  Messrs.  Sulzer  Brothers,  the 
princes  of  good  workmanship  of  the  entire  world,  must  never  be  for- 
gotten. It  has  stamped  Swiss  electrical  engineering  with  a  record  for 
finish  and  appearance  such  as  is  possessed  by  hardly  any  other  class  of 
electrical  workmanship.  I  am  sure  that  you  could  not  wander  through 
the  shops  there  without  admiring  and  wondering  at  it.  I  call  your 
attention  especially  to  the  wonderful  winding  in  Messrs.  Brown, 
Boveri's  shops.  Every  class  of  winding,  whether  it  was  winding  that  is 
dragged  through  the  holes  and  pulled  into  position  afterwards,  which 
is  the  most  difficult  of  all,  whether  it  is  the  winding  that  is  done  on 
formers,  or  whether  it  was  that  beautiful  bar  copper,  coiled  on  its  edge 
and  insulated  with  its  split  disks  of  paper — from  beginning  to  end  the 
winding  in  Brown,  Boveri's  place  must  have  been  a  revelation  to  many  of 
our  English  engineers.  Moreover,  the  others  are  so  nearly  equal  to  them 
that  I  always  say  in  my  own  works — ^and  I  believe  all  English  engineers, 
if  they  are  really  truthful,  say  the  same — that  if  the  winding  is  as  good  as 
the  Swiss  winding,  it  is  quite  good  enough  as  regards  both  the  finish  and 
the  electrical  requirements.  As  regards  mechanical  finish,  our  party  had 
the  advantage  of  having  Messrs.  Sulzer  before  them.  Three  or  four  of 
us  had  the  privilege  of  spending  a  quiet  and  most  interesting  day  in 
Messrs.  Sulzer's  works.  I  did  not  think  it  was  possible  that  large 
engines,  for  months  in  the  shop,  could  be  finished  without  so  much  as 
a  single  scratch  on  them  from  beginning  to  end.  It  is  inconceivable 
that  in  any  English  engineer's  shop  some  apprentice  or  labourer  would 
not  have  carelessly  scratched  beautiful  cylinder  lagging  such  as  that  we 
saw  on  the  i,ooo  H.P.  engines.  It  does  not  seem  possible  with  the  highest 
discipline  we  have  in  our  English  shops  to  have  attained  to  that  per- 
fection of  cleanliness,  neatness,  and  finish  that  we  saw  there.  There  is 
one  thing  consoling.  Although  they  are  very  perfect,  they  demand  and 
obtain  high  price.  High-class  work  will  always  demand  and  bring  high 
prices,  and  I  think  it  will  be  a  powerful  incentive  to  us  in  bur  branch 
of  the  mechanical  engineering  trade  to  work  up  to  the  same  pitch  and 
always  try  to  get  the  same  finish  and  that  equally  high  price.  That  is 
what  I  envy  in  Sulzers,  that  they  have  built  up  such  a  name  for 
workmanship  that  they  continue  to  get  orders  from  all  parts  of  the 
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Mr.  world  at  these  top  prices,  which  is  always  the  highest  compliment  to 

good  workmanship  that  there  can  be. 

I  would  call  especial  attention  to  the  splendid  Sulzer  engines  in 
the  different  power  stations ;  whether  the  Swiss  engineer  couples  his 
dynamo  to  the  turbine  or  to  the  Sulzer  type  of  engine,  he  has  been 
taught  to  believe  that  the  highest  development  of  steam  machinery  is 
the  Sulzer  engine,  and  he  builds  his  dynamo  to  suit  it.  Consequently 
the  Swiss  dynamo  has  developed  in  the  form  of  a  large  fly-wheel 
dynamo.  In  this  we  begin  to  see  the  wide  divergence  between  Swiss 
practice  and  ours.  The  Swiss  had  their  Sulzer,  we  had  our  Willans  ; 
they  thought  out  equally  difficult  problems  in  a  different  manner,  and 
Sulzer  and  Willans  have,  each  in  his  own  country,  profoundly 
influenced  the  early  type  of  electrical  engineering. 

Other  things  have  differentiated  Swiss  engineers  from  English 
engineers.  Swiss  engineers,  beginning  with  a  httle  lighting  and  a  good 
deal  of  transmission  of  power,  have  had  to  utilise  water  power  so  much 
that  they  have  become  passed  masters  in  the  production  of  machinery 
for  power  transmission  over  great  distances.  The  demand  on  English 
shops  has  been  entirely  different.  In  this  darker,  fog-laden,  atmosphere 
the  demand  for  light  is  very  great,  and  the  consequence  is  we  are  far 
more  electric-light  engineers  then  are  the  Swiss.  Our  shops  have  been 
tilled  with  electric  machinery  suited  to  our  requirements,  suited  to  our 
stntions,  and  suited,  last  but  not  least,  to  our  wonderfully  advanced 
high-speed  engines.  The  result  has  shown  itself  practically  in  a  wide 
differentiation  in  the  kind  of  machinery  we  turn  out.  The  transmission 
of  power  forced  the  Swiss  engineers  early  to  appreciate  the  enormous 
advantages  of  the  alternating  current,  particularly  in  its  multiphase 
form,  and  as  a  result  you  see  th6ir  shops  nearly  filled  with  it.  Hence, 
and  I  am  sure  Mr.  Brown  and  others  will  agree  to  this,  although  the  Swiss 
arc  ahead  of  us  in  that  particular  class  of  work,  I  do  not  think  they  can 
claim  to  be  in  advance  or  even  to  equal  us  in  the  production  of  our  own 
class  of  machinery.  The  magnificent  specimens  which  I  have  seen 
within  the  last  few  days,  at  Manchester  for  instance,  of  continuous- 
current  dynamos  of  2,500  H.P.  certainly  surpass  anv'thing  we  saw  in 
Switzerland  in  that  line.  We  cannot  shut  our  eyes  to  the  fact  that  we 
have  not  only  maintained  our  position  in  that  branch  of  work,  but  I  think 
we  have  bettered  it  ;  and  that  is  due  to  the  difference  between  the 
conditions  under  which  we  have  had  to  work.  Consider  what  an 
advantage  in  one  respect  the  Swiss  engineers  have  reaped  from  the 
condition  of  things  which  forced  them  into  high-pressure  work,  if 
electric  railways — I  do  not  mean  tramways,  but  railways — are  to  be 
worked  at  all,  they  arc  to  be  worked  by  high-pressure  energy  trans- 
formed. And  what  an  easy  thing  it  was  for  Swiss  engineers  to  carry  a  little 
further  what  they  had  already  done.  I  think  none  of  you  will  disagree 
with  me  when  I  say  that  the  great  lesson  we  all  of  us  learned  there 
was  the  unexpected  simplicity  and  satisfactory  design  of  the  railways 
direct-driven  by  multiphase  currents.  For  example,  if  you  were  told 
that  you  were  going  to  work  a  railway  with  two  trolleys,  a  double 
trolley  with  a  considerable  potential  difference  between  the  two  troUey- 
^^^  wires  in  the  air,  and  return  by  the  rails,  you  would  have  thought  the 
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comp/ication  would  be  great.  We  were  always  told  that  a  double- 
troiley  system  had  been  tried  in  America,  and  had  failed  on  that 
account. 

But  looking  at  the  Stansstad  Railway,  I  think  every  one  was  aston- 
ished at  the  unexpected  simplicity  of  the  overhead  construction,  the 
switchboard,  and  of  all  the  arrangements  of  this,  which  was  the  first 
railway  of  the  kind  that  we  saw.  Everything  goes  to  show  that  this 
multiphase  railway  working,  instead  of  increasing  the  complication,  is 
likely  to  decrease  it. 

I  would  call  attention  to  a  notice  on  one  switchboard  at  the  generating 
station  of  the  Stansstad  Engelberg  Railway.  It  ran :  "  Erst  besinne, 
Dann  beginne."  Many  translations  were  suggested.  One  is  Think 
which,  Then  switch. 

With  regard  to  photographs,  no  obstacle  was  put  in  our  way ;  our 
amateur  photographers  might  have  taken  snapshots  of  anything  they 
pleased  inside  the  works,  but  I  think  our  members  showed  very  good 
taste  in  not  taking  pictures  of  special  tools  or  contrivances,  or  modes 
of  manufacture.  We  only  took  the  veiy  special  things  we  were  asked 
to  take,  and  I  am  very  pleased  that  that  was  the  case. 

Mr.  R.  Hammoxd  :  We  must  all  feel  that  Mr.  Crompton  has  given 
us  a  splendid  resunU  of  what  we  saw  in  Switzerland,  and  it  is  difficult 
to  follow  him,  because  he  has  been  so  exhaustive.  Truly  he  says  that 
Switzerland  had  before  it  a  splendid  example  in  the  works  of  Messrs. 
Sulzer  Brothers,  and  one  cannot  ponder  too  carefully  upon  this  illustra- 
tion of  the  way  in  which  splendidly  equipped  engineering  shops  may 
influence  the  engineering  of  a  whole  nation.  Another  point  that 
Mr.  Crompton  had  not  time  to  dwell  upon,  but  in  which  I  am  sure  he 
would  perfectly  agree,  is  that  in  the  works  of  Messrs.  Escher  Wyss 
&  Co.,  the  makers  of  the  turbine,  you  see  the  works  of  a  firm  which 
has  been  making  turbines  for  generations.  Some  may  think  that  this 
utilisation  of  water-power  only  began  with  the  application  of  electricity 
to  power-distribution,  but  it  was  most  interesting  in  the  works  of 
Messrs.  Escher  Wyss  &  Co.  to  see  pictures  of  the  early  turbines  made 
by  the  progenitors  of  that  firm  for  the  utilisation  of  water-power  one 
hundred  years  ago.  They  have  really  been  learning  their  engineering 
not  for  one  decade  or  two,  but  for  a  century  ;  in  fact  they  began,  some 
say,  in  the  century  before  last,  but  I  would  not  like  to  introduce  the 
"  century  "  controversy  at  this  late  hour.  At  all  events  they  can  show  you 
that  the  power-stations  which  they  are  now  building  all  over  Switzerland 
are  the  outcome  of  the  labours  of  generations  of  engineers.  Switzerland 
has  had  that  great  advantage,  and  Mr.  Crompton  says  that  that  influ- 
enced the  dynamo  manufacturers  to  such  an  extent  that  they  are 
turning  out  better  dynamos  than  we  are  in  England.  There,  sorry  as 
I  am  to  differ  from  him,  I  can  hardly  confirm  him.  It  is  certainly  not 
compatible  with  the  statement  that  there  is  a  very  large  temperature- 
rise,  that  the  dynamos  are  absolutely  equal  to  those  to  which  we  are 
more  accustomed,  where  the  temperature-rise  is  smaller  in  consequence 
of  the  winding  being  better  capable  of  carrying  the  current  that  is  to 
pass  through  it.  Speaking  personally — and  of  course  we  are  here  only 
to  give  our  personal  opinions — the  dynamo  work  did  not  strike  me  so 
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Mr.  much  as  the  engineering  work  which  we  saw  in  Switzerland.     I  under- 

Hammcnd.  stand,  however,  that  what  we  really  have  to  do  to-night  is  to  see  what 
lessons  there  were  to  be  learned  in  Switzerland  which  we  can  bring 
hack  with  us  to  England.  In  receiving  the  report  and  in  recording 
our  gratitude  to  those  members  of  the  Institution  who  inaugurated  the 
idea  of  these  visits  to  foreign  countries,  which  have  proved  so  valuable 
in  the  case  of  kindred  societies,  it  is  our  duty  to  say  that  w^e  feel  that 
we  have  brought  home  some  lessons  which  we  can  apply  to  engineer- 
ing here.  Unquestionably  the  chief  thing  that  we  saw  was  the  utilisa- 
tion of  water-power,  and  it  has  been  said  that  we  cannot  emulate  the 
Swiss  because  we  have  not  the  water.  I  would  like  just  to  draw  atten- 
tion to  the  point  which  struck  me  on  the  first  day.  The  lirst  large 
works  we  visited  were  those  at  Rheinfclden,  where  we  saw  i6,aoo  H.P. 
obtained  from  water-power  and  being  distributed,  and  the  natural  wish 
seemed  to  bj  that  we  had  that  water  in  England.  It  will  be  within 
the  memory  of  some  of  the  members  who  were  at  the  luncheon  after- 
wards, that  it  was  pointed  out,  as  I  venture  to  point  out  here  to-night, 
that  though  it  be  true  that  we  have  not  the  water  in  England,  we  have 
the  coal,  and  it  is  not  the  actual  tuining-force  of  the  dynamo  which 
constitutes  the  whole  of  the  cosi  of  electrical  energ}'. 

There  is  a  feeling  among  the  public  that,  by  means  of  water-power, 
electricity  might  be  made  much  cheaper  to  the  consumer ;  in  fact  it 
was  stated  in  a  communication  to  one  of  the  technical  papers  that,  by 
means  of  water-power,  they  were  enabled  in  Switzerland  to  sell  electri- 
city at  a  profit  for  ^d.  per  unit.  One  characteristic  of  the  Swiss  visit 
was,  that  we  did  not  get  informed  upon  many  commercial  points.  If 
a  similar  tour  had  been  made  through  England,  the  tourists,  if  one 
might  so  call  them,  would  have  been  deluged  with  statements  as  to 
the  cost  per  unit  delivered  to  the  consumer,  the  percentage  of  cost  to 
revenue,  and  revenue  per  unit  delivered  to  consumer,  and  all  those 
cabalistic  figures  which  so  many  delight  in.  We  passed  through 
Switzerland,  I  believe,  without  knowing  what  was  the  cost  per  unit 
anywhere,  but  some  would  have  been  happier  if  we  had  been  able  to 
ascertain  this.  One  of  us  ventured  to  inquire  in  the  first  works  visited, 
but  did  not  succeed  in  finding  anybody  who  would  give  any  in- 
formation thereon.  I  gathered  from  this,  that  in  Switzerland,  the 
engineer  concerned  himself  with  engineering,  and  looked  upon  the 
commercial  part  of  the  business  as  something  which  was  rather  the 
province  of  the  commercial  man.  Of  course,  as  one  acquainted  with 
many  consulting  engineers  in  this  country,  I  was  pleased  to  find  that 
the  engineer  in  Switzerland  had  so  important  a  position.  Some  have 
come  back  from  Switzerland  considering  that  the  real  moral  of  the  trip 
was  that  consulting  engineers  were  apparently  unnecessary  and  were 
absolutely  ignored  in  that  country.  I  did  not  form  that  idea.  At  the 
very  first  works  we  went  to  we  found  that  not  only  was  there  a  con- 
sulting engineer,  but  that  he  was  resident.  In  this  country  it  is  the 
unfortunate  practice  to  force  the  consulting  engineer  to  consult  for 
many  places,  and  to  shift  him  about  by  train  and  boat  from  one  place 
to  the  other,  until,  if  he  attends  an  Institution  meeting  he  has  to  catch 
the  newspaper  train  in  order  to  get  to  the  north  of  Yorkshire  the  next 
day. 
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At  the  lunch  at  Rheinfelden  one  of  the  toasts  was  replied  to  by  ^^[in^Qnji 
Dr.  Frey,  a  most  eminent  engineer,  who  acted  as  consulting  engineer 
for  the  great  works  at  that  place.  He  is  one  of  the  great  type  of  con- 
sulting engineers,  the  one  with  due  regard  to  the  position  of  the  manu- 
facturer, who  considers  that  it  is  the  duty  of  a  consulting  engineer  to 
step  in  between  the  buyer  and  the  seller,  and  enable  the  buyer  to  spend 
his  money  to  the  best  advantage,  and  to  treat  the  manufacturers'  stan- 
dard patterns  as  something  that  he  must  give  encouragement  to.  There, 
on  the  threshold,  we  found  such  a  man  in  Dr.  Frey.  And  wc  found 
throughout  our  trip,  those  of  us  who  were  interested  from  the  consulting 
engineer's  point  of  view,  that  they  were  responsible  for  the  work. 

Finally,  to  return  to  the  question  of  water-power.  Though  we  have 
not  the  water-power  here,  we  have  something  which  takes  its  place, 
and  which  forms  a  certain  proportion  of  the  cost  of  generating  electri- 
city. I  have  inquired  into  the  proportion  which  the  cost  of  coal  bears 
to  the  total  cost  of  production  in  the  United  Kingdom.  I  find  that  (for 
example)  in  Kensington,  the  cost  of  coal  is  25  per  cent,  of  the  total 
costs,  including  works'-  and  management-costs,  and  in  fact  all  those 
which  we  find  classed  by  the  Board  of  Trade  as  costs  of  production 
and  distribution.  Therefore  if  the  coal  bill  were  abolished,  the 
total  cost  at  Kensington  being  3'04d.  per  unit,  would  be  reduced 
by  only  }d.  It  is  very  absurd,  therefore,  to  say  that  by  merely  sub- 
stituting water  for  coal  you  will  reduce  the  cost  from  3d.  per  unit 
to  }d.  The  utmost  you  can  attempt  to  do  is  to  eliminate  the  coal  bill 
entirely.  But  of  course  in  substituting  water  for  coal  you  put  in  some- 
thing which  also  entails  expense.  I  need  not  detail  what,  for  you  are 
well  acquainted  with  it.  I  might  equally  well  have  taken  any  station 
other  than  Kensington  as  an  example.  At  Leeds  the  coal  bill  is  only 
17  per  cent,  of  the  total  costs.  The  real  lesson  to  be  learned  by  the 
application  of  water-power  is  not  the  substitution  of  water  for  coal,  but 
that  aggregation  of  load  is  the  real  element  in  low  costs. 

Mr.  M.  G.  S.  Swallow  :  As  a  member  of  the  profession  and  of  the  Insti-  Mr.  ^^^ 
tution  who  has  been  for  some  years  in  Switzerland,  I  wish  to  thank  both 
Mr.  Crompton  and  the  members  generally  for  the  great  interest  they 
take  in  Swiss  electrical  engineering.  I  had  not  the  good  fortune  to  be 
with  the  members  of  the  Institution  during  the  whole  of  the  visit,  but 
one  of  the  most  interesting  plants  which  they  saw  was  no  doubt  the 
Burgdorf-Thun  Railway.  I  have  been  very  interested  in  comparing  the 
manner  of  working  railways  electrically  in  England  and  on  our  Swiss 
lines.  I  have  to-day  had  an  opportunity  of  seeing  some  part  of  the  plant 
of  the  Central  London  Railway,  and  was  rather  astonished  to  find  that 
the  three-phase  current,  which  is  used  principally  for  transmission,  is  not 
employed  directly  to  propel  the  trains.  No  doubt  there  are  very  urgent 
reasons  why  this  should  not  be  the  case,  but  three-phase  driving  is 
practised  on  the  Burgdorf-Thun  Railway,  and  I  think  it  fulfils  all  the 
requirements  of  that  railway,  and  will  continue  to  do  so  even  when  the 
railway  shall  have  a  large  traffic  to  arrange  for. 

Professor  C.  A.  Carus-Wilson  :  Those  of  us  who  had  the  benefit  of  ^^^^ 
Mr.  Swallow's  guidance  in  going  over  the  Burgdorf-Thun  Railway,  of   WiUon, 
which  he  is  the  resident  engineer,  will  appreciate  his  remarks  in  con- 
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Profcssol  nection  with  the  relation  between  electrical  railway  enterprise  in  England 
wuson.  and  three-phase  railway  enterprise  as  now  conducted  in  Switzerland. 
It  must  indeed  be  astonishing  to  railway  engineers  coming  from  Swit- 
zerland to  visit  our  Central  London  Railway,  to  see  the  three-phase 
generating  plant,  with  continuous-current  motors  on  the  locomotives. 
The  impression  conveyed  to  the  majority  of  the  members  in  Switzerland 
must  have  been  that  the  Burgdorf-Thun  Railway  was  the  most  remark- 
able thing  we  saw.  It  is  especially  remarkable  because  the  people  who 
were  interested  in  putting  down  this  railway  knew  very  well  the  under- 
taking was  a  critical  one.  Most  of  the  members  must  be  acquainted 
with  the  peculiar  conditions  which  render  the  railway  quite  a  unique 
electrical  undertaking ;  it  is  a  normal-gauge  railway,  linked  with  all  the 
other  Swiss  railways  and  carrying  ordinary  traffic ;  in  fact,  it  is,  in 
every  respect,  a  standard  normal-gauge  railway.  That  the  promoters 
of  this  enterprise  should  have  undertaken  to  equip  it  with  three-phase 
motors  is  the  greatest  proof  that  we  can  have  of  the  confidence  that 
the  leading  engineering  firms  in  Switzerland  have  in  the  application  of 
the  three-phase  system  to  railways.  I  think  it  cannot  be  a  matter 
of  doubt  that  although  the  financial  success  of  the  Burgdorf-Thun 
Railway  is  yet  to  be  proved,  if  there  had  been  any  question  as  to  the 
comparative  efficiency  and  economy  between  the  three-phase  and  the 
continuous-current  systems,  those  who  were  responsible  for  equipping 
that  railway  would  not  have  used  the  three-phase  system. 

We  had  many  striking  and  interesting  illustrations  of  three-phase 
railway  practice,  not  only  in  the  Burgdorf-Thun  Railway  but  in  other 
electric  railways  which  we  visited  in  Switzerland.  We  were  able  to 
make  useful  comparisons  of  present  Swiss  practice  in  the  locomotives 
made  for  the  Jungfrau  Railway  by  the  two  great  engineering  firms, 
the  Maschinenfabrik  Oerlikon,  and  Brown,  Boveri  &  Co.  I  noted 
several  points  of  difference  showing  that  the  locomotives  made  by  the 
Oerlikon  Company  differed  in  many  important  respects  from  those  made 
by  Brown,  Boveri  &  Co.  In  the  first  place  the  Oerlikon  locomotives 
were  19  tons  against  Brown,  Boveri 's  13  tons.  Brown,  Boveri's 
motors  had  fewer  poles  than  those  from  Oerlikon,  and  the  gearing  was 
cut  very  differently.  One  of  the  most  interesting  electrical  differences 
between  the  two  types  of  locomotive  was  that  the  Oerlikon  firm  used 
different  rheostats  for  the  two  rotor  resistances,  while  Brown,  Boveri 
used  the  same  rheostat.  The  latter  method  has  a  very  peculiar  effect, 
which  may  have  been  observed  by  the  members  who  travelled  on  the 
Jungfrau  Railway.  I  allude  to  a  jerking  motion,  especially  at  the  moment 
of  starting.  This  is  in  consequence  of  the  fact  that  the  two  motors  on 
the  locomotives  are  coupled  in  parallel  on  to  the  same  rotor  rheostat 
and  produce  a  hunting  effect,  which  gives  this  peculiar  jerk  in  mounting 
the  incline.  The  Oerlikon  firm  avoids  the  effect  by  having  separate 
rotor  rheostats. 

One  of  the  most  common  objections  raised  against  polyphase  motors 
for  railway  work  is  the  very  small  clearance  that  you  are  obliged  to 
work  with.  It  must  have  astonished  mechanical  engineers  when  they 
learned  how  exceedingly  narrow  the  clearance  was  in  the  motors  on  all 
the  Swiss  polyphase  electric  railways.     For  instance,  on  the  Burgdort- 
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Thun  Railway  the  clearance  between  the  rotors  and  the  stators  was  Profea»or 
only  I J  mm.  on  the  radius,  and  they  were  running  at  600  revolutions  a  wiison. 
minute.    Swiss  engineers  have  tried  even  narrower  clearances.     I  was 
told  that  they  had  at  first  tried  a  clearance  of  ^  mm.,  but  had  been  obliged 
to  enlarge  it  little  by  little  until  at  last  they  increased  it  to  i^  mm.,  and 
they  were  quite  satisfied  with  that. 

Mr.  Crompton  has  already  alluded  to  the  question  of  overhead 
conductors.  That  is  another  objection  which  is  constantly  raised 
against  three-phase  work.  But  it  should  be  borne  in  mind  that  all  the 
Swiss  railways  have  level  crossings,  and  consequently  are  not  able  to  have 
auxiliary  third  rails.  I  understand  that  if  they  were  working  under 
British  conditions  with  crossings  under  or  over  the  permanent  way, 
they  would  use  auxiliary  rails,  and  do  away  with  overhead  wires 
altogether. 

Those  who  travelled  over  the  Burgdorf-Thun  Railway  must  have 
been  struck  with  the  simplicity  of  its  construction ;  in  fact  the  three- 
phase  motor  seems  to  lend  itself  in  a  remarkable  way  not  only  to 
the  class  of  work  it  is  put  to  in  mountain  railways,  but  for  the  ordinary 
traffic  of  ordinary  steam  railways.  One  great  advantage  is  no  doubt  the 
uniform  rate  of  running,  which  depends  upon  frequency  and  not  upon 
load.  The  Burgdorf-Thun  Railway  has  a  drop  of  only  2  per  cent, 
at  full  load,  and  the  speed  is  kept  constant  within  those  limits.  Then 
there  is  perfect  regulation  of  speed  by  the  rotor  resistances,  and  a  perfect 
xwation  through  the  extreme  limits  of  speed  and  load  can  be  obtained. 
Of  all  the  interesting  things  we  saw  on  these  three-phase  railways,  I 
think  the  most  interesting  was  the  Engelberg  train  coming  down 
a  25  per  cent,  gradient  held  by  nothing  whatever  but  the  current  returned 
into  the  line  from  the  three-phase  motors  acting  as  generators.  That  is  a 
thing  few  of  us  had  seen  before.  I  ascertained  definitely  from  the  engi- 
neer, that  in  descending  the  25  per  cent,  gradient  the  whole  train  was 
thus  held,  and  descended  with  a  speed  only  5  per  cent,  greater  than 
the  normal  speed  of  synchronism  without  any  brakes.  This  is  a  great 
achievement,  and  I  think  is  one  of  the  most  remarkable  features  of 
three-phase  railway  work. 

Mr.  L.  BiRKS  :  Though  not  included  in  the  Institution  visits,  a  few  ^^'  "^''''* 
slides  and  details  of  the  Hagneck  Water-power  Station  may  not  be 
devoid  of  interest.  Those  of  the  party  who  were  at  Baden  will 
remember  the  large  alternators  for  this  plant  which  were  being  erected 
in  the  shops  of  Messrs.  Brown,  Boveri.  I  am  indebted  for  the  following 
details  to  Herr  G.  KoUikcr,  the  resident  engineer  for  the  Elektricitats- 
werke,  Hagneck,  who  kindly  showed  me  over  the  plant.  Hagneck  is  a 
small  village  on  the  east  shore  of  the  Lake  of  Bienne,  some  seven  miles 
from  Bienne  itself,  the  nearest  town  of  importance.  The  power  is 
derived  from  the  Hagneck  Canal — a,  large  watercourse  constructed 
some  years  back  to  drain  off  the  surplus  water  of  the  Aar  to  the  lake. 
The  works  necessary  to  utilise  this  power  were  commenced  some  two 
years  ago,  and  are  now  approaching  completion.  By  throwing  a  weir 
across  the  mouth  of  the  canal  a  fall  of  six  to  nine  metres  is  obtained. 
The  pressure  on  the  four  piers  at  high  water  will  amount  to  130,000 
tons.    From  above  the  weir  a  short  canal  100  metres  long  by  27  metres 
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Mr.  pirks.  broad  leads  direct  to  the  turbine-house,  whence  a  short  tail-race  carries 
the  water  to  the  lake.  The  hydraulic  plant  consists  of  five  "four- 
story"  reaction  turbines  of  1,350  h.p.  each,  by  Messrs.  Bell  and  Co.,  of 
Kriens.  These  run  at  a  speed  of  100  revolutions  per  minute.  Each 
turbine-chamber  is  closed  above  by  two  rotating  gates  actuated  by  a 
separate  25  h.p.  turbine,  allowing  regulation  by  hand.  Automatic 
regulation  is  also  provided  for  by  altering  the  inclination  of  the  turbine 
guide-blades.  The  three-phase  8,000- volt  alternators  are  mounted 
direct  on  the  vertical  turbine-shafts.  Their  exciters  are  driven  from  the 
same  shaft  by  bevel  wheels,  and  are  themselves  excited  from  a  secondary 
exciter,  driven  independently  by  a  20  h.p.  turbine,  of  which  one  is 
always  in  reserve.  This  arrangement  reduces  variation  in  voltage 
of  the  exciters  due  to  variations  in  speed  of  the  turbines.  As  at  the 
Kanderwerk,  the  load  is  divided  between  two  separate  distributing 
circuits,  the  "  ruhig "  and  "  unruhig  " — the  steady  and  variable  load  ; 
lighting  and  small  motors  will  be  connected  to  the  former,  large  motors 
and  tramways  to  the  latter.  The  power  is  distributed  direct  on  an 
overhead  pole  line  at  8,000  volts.  Of  the  5,000  k.w.  generated,  2,000 
will  be  taken  by  a  calcium  carbide  factory  at  Nidau,  nine  kilometres 
distant.  The  remainder  will  be  distributed  over  an  area  of  55 
kilometres  diameter,  including  some  fifty  small  villages  and  several 
large  towns. 

Rob.nson.  ^^-  Mark  Robinson  :  Though  I  was  not  able  to  go  to  Switzerland 

with  the  Institution,  I  should  like  to  join  with  Mr.  Crompton  in  his 
tribute  to  the  good  work  of  the  Swiss,  and  in  particular  to  the  splendid 
work  done  by  the  firm  of  Sulzer  Brothers.  Some  three  or  four  weeks 
ago  I  visited  Messrs.  -Sulzer's  works,  and  enjoyed  the  privilege  of 
thoroughly  inspecting  the  works  under  the  guidance  of  Mr.  Carl  Sulzer. 
Certainly  they  deserve  everything  which  Mr.  Crompton  has  said  of 
them,  though  I  do  not  altogether  like  the  praise  he  gave  to  the  absence 
of  scratches  upon  the  external  finish  ;  praise  is  better  deserved  by  the 
magnificent  accuracy  of  the  work.  This  is  doubly  deserving  of  praise 
because  they  do  not  work  under  the  favourable  conditions  which  prevail 
in  some  few  works  (though  unhappily  only  a  few)  in  England,  where 
ever)rthing  is  done  to  gauge  and  template.  They  do  not  work  on  that 
system,  and  they  lament  a  great  deal  that  they  do  not  and,  as  they 
think,  cannot.  It  would  be  much  better  for  them  if  they  could.  But 
without  it  they  obtain  an  accuracy  which,  although  I  do  not  think  it  is 
greater  than  ours  in  England,  is  at  any  rate  as  good.  What  struck  me 
most  in  Switzerland  was  not  the  mere  fact  that  they  have  water  available 
there,  because  I  agree  with  Mr.  Hammond  that  it  makes  comparatively 
little  difference  financially  whether  there  is  water  available,  or  whether 
steam  has  to  be  used  :  what  strikes  one  is  the  great  development  of 
three-phase  work.  It  seemed  to  me  that  those  gentlemen  who  under- 
stand the  electrical  side  of  the  matter  much  better  than  I  do  would 
benefit  us  by  turning  their  attention  to  three-pliase  work,  and  seeing 
whether  its  immense  development  in  Switzerland  might  not  be  repeated 
here. 

Mr.  Mr.  J.  S.  Ra WORTH  :  Mr.  Crompton  never  speaks  without  giving  this 

Institution  the  greatest  pleasure,  and  I  feel  that  all  of  us  will  feel  some 


Raworth. 
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trepidation  in  hearing  that  he  is  thinking  of  leading  our  noble  and   ^^^;^^jj.th. 
brave  brethren  at  the  Cape.     I  want  to  make  one  suggestion  which  has 
nothing  to  do  with  Switzerland,  and  that  is  that  he  should  impress  upon 
the  members  of  the  Institution  that  the  funds  he  is  collecting  are  to  be 
used  in  making  our  friends  in  the  Electrical  Engineers'  Volunteer  Corps 
more  comfortable  when  they  are  out  at  the  Cape,  because  I  know  that 
some  people  to  whom  the  appeal  has  been  addressed  have  thought 
that  the  Ending  of  plant  ought  to  be  done  by  the  Government,  and 
therefore  they  have  not  responded  so  heartily  as  they  would  have  done 
if  they  had  known  to  what  purpose  it  was  intended  to  apply  the  funds. 
I  have  not  very  much  to  say  about  Switzerland.     I  can  only  say  that 
the  pictures  on  the  screen  were  so  lifelike  that  when  we  came  to  one 
place  I  felt  hungry,  and  in  another  place  I  felt  thirsty,  and  in  another 
place  I  felt  in  a  great  perspiration.     I  can  assure  Professor  Carus- Wilson 
that  if  I  had  known  when  we  were  coming  down  the  Engelberg  railway 
that  we  were  only  held  up  by  the  motors  acting  as  generators,  I  should  have 
been  in  the  greatest  perspiration  of  my  life.     Mr.  Crompton  says  that  our 
manners  were  excellent,  and  if  we  did  not  go  about  photographing  things 
it  was  simply  because  we  ought  not  to  have  photographed  them.    I  can 
go  a  step  further,  and  say  that  as  far  as  any  words  which  I  heard  spoken 
by  the  English  electrical  engineers  in  Switzerland  are  concerned,  you 
would  have  thought  that  they  had  done  nothing  at  all ;  that  they  had 
not  come  from  an  electrical  country  ;  and  that  there  were  no  great  elec- 
trical works  in  this  country.     They  were  consumed  with  telling  our 
Swiss  hosts  what  excellent  work  they  did,  and  how  charmed  they  were 
to  see  so  many  developments  there  which  we  had  not  at  home.    This 
was  entirely  correct,  because  the  things  we  saw  there  were  all  of  a 
special  character,  of  which  we  have  had  very  little  of  no  develop- 
ment in  this  country'.     But  if  ever  it  should  fall  to  our  lot  to  entertain 
our  Swiss  hosts  in  this  country,  I  am  quite  sure  they  will  be  willing  to 
pay  a  like  tribute  to  the  progress  of  electricity  in  England,  and  they 
will  be  able  to  see  some  works  which  will  astonish  them.    I  am  quite 
sure  that  if  they  will  only  come  here  they  will  not  be  let  off  with  any 
less  hospitality  than  they  provided  for  us.    The  matter  of  what  we  saw 
there  was  pretty  well  thrashed  out  some  time  ago  in  Lightning.     Every- 
body was  asked  to  send  in  his  views  as  to  what  he  had  seen,  and 
although  a  good  many  of  us  treated  it  lightly,  there  were  one  or  two 
who  entered  into  the  matter  at  great  length.    This  Report  gives  the 
details  of  most  of  the  experiences  which  we  had.    The  Committee  have 
done  their  work  very  well  indeed,  but  I  should  like  to  suggest  to  the 
Committee  that  they  have  omitted  one  thing  in  the  third  paragraph. 
They  say  :    "  At  Rheinfelden,  after  visiting  the   power    station,   the 
members  were  most  hospitably  entertained  at  lunch  by  the  directors  of 
the  Kraftiibertragungswerke."     They  do  not  say  that  Herr  Rathenau 
came  all  the  way  from  Berlin  in  order  to  be  present  at  that  luncheon, 
and  to  give  us  a  very  warm  and  hearty  invitation  to  go  to  Berlin  another 
year,  which  invitation  I  hope  the  Institution  will  have  the  opportunity 
of  accepting.  The 

The  President  :  It  is  accepted.  President 

Mr.  J.  Swinburne  :  I  am  one  of  the  few  unfortunates  who  were   g^nbum. 
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Mr.  unable  to  go  to  Switzerland  with  the  Institution.     I  have,  however, 

been  in  that  country,  and  for  professional  reasons  I  have  been  over  a 
good  many  of  the  works  in  France,  Germany,  and  Amer^pa,  so  that  I 
may  make  a  few  remarks  with  regard  to  the  various  differences  in 
practice.  We  heed  not  attempt  mere  admiration  or  mere  criticism,  but 
I  should  like  to  discuss  some  of  the  differences  between  British  and 
Contineptal  practice,  and,  if  possible,  some  of  the  causes  of  difference. 
I  daresay  you  noticed  that  in  going  into  an  engineer's  office,  you 
generally  see  a  pile  of  journals.  They  are  not  only  Swiss  journals,  but 
you  will  notice  every  journal  you  have  ever  heard  of,  and  a  great  many 
that  you  have  not.  -The  Continental  engineer  is  an  omnivorous  reader  ; 
he  knows  everjrthing  that  is  going  on  in  every  other  country,  just  as 
well  as  he  does  what  is  going  on  in  his  own.  In  England  I  am  afraid 
we  do' not  do  that.  We  have  worked  rather  on  another  system.  In 
early  days,  you  will  remember,  when  electric  lighting  came  forward, 
each  person  had  some  system  which  included  a  dynamo,  a  lamp,  and 
everything  else,  all  supposed  to  be  of  his  own  invention,  and  probably 
all  equally  bad.  Then  we  got  into  a  state  in  which  every  maker  made 
either  a  Tom  dynamo  or  a  Dick  dynamo  or  a  Harry  dynamo.  If 
Tom  had  a  dynamo  which  had  the  armature  at  the  bottom,  Dick  put  the 
armature  at  the  top  and  stuck  his  name  on  it.  That  inventive  ambition 
has  been  most  disastrous.  Every  one  tried  to  have  something  called 
after  his  own  name.  All  over  the  Continent  there  is  a  general  tendency 
towards  uniformity  of  practice,  and  that  I  think  is  largely  due  to  the 
fact  that  engineers  as  a  rule  are  not  keen  about  introducing  their  own 
particular  inventions,  and  having  things  called  after  their  own  names. 
The  plant  is  generally  known  by  the  name  of  the  firm  only,  and  the 
engineers  are  simply  anxious  to  have  the  best  thing  that  they  can, 
whether  it  is  their  own  invention  or  not.  That  sort  of  system  may  tend 
away  from  originality,  and  probably  on  the  Continent  there  is  less 
originality  in  invention  than  in  England,  but  as  the  foreign  engineer 
can  see  the  inventions  of  everybody  else,  he  has  an  opportunity  of 
combining  all  the  best  ideas  of  every  nation,  so  that  he  naturally  gets 
very  good  machinery.  That,  I  think,  is  one  reason  why  both  the 
Germans  and  the  Swiss  have  gone  ahead  of  us,  I  do  not  say  generally, 
but  in  many  ways.  Another  departure  from  our  practice  which  is  dis- 
played abroad  is  that  they  generally  sacrifice  electrical  efficiency  to 
cheapness  and  mechanical  strength.  Now  mechanical  strength  is  not 
necessarily  opposed  to  electrical  efficiency,  but  I  think  if  you  investigate 
the  electrical  and  mechanical  efficiency  of  many  of  the  dynamos  on  the 
Continent,  you  will  find  them  so  far  behind  that,  if  you  could  really 
know  and  work  out  the  extra  cost  of  running  them,  you  would  find  that 
they  were  very  expensive .  machines  indeed  in  the  long  run,  but  that 
they  do  not  of  ten.  break  down. 
.  .  .Another  fundamental  difference  is  not  perhaps  electrical,  but  com- 
mercial.. You  will  see  it  .throughout  the.  Continent,  but  especially,  per- 
haps, in  Germany.  .In  England  the  owner  of  a  works  considers  it  a 
nasty  thing  which  must  be  put  into  some  dirty  corner  of  the  town 
where  it  will  be  among  smoke  and  surrounded  with  mud,  and  so  on. 
He  looks  upon  the  works  simply  as  something  which  brings  him  in  so 


Digitized  by  LjOOQ  IC 


1900J]  DISCUSSION.  237 

much  a  year.  He  takes  no  workman's  pride  in  his  works  ;  he  does  not  Mr. 
care  whether  they  look  nice  or  not.  That  perhaps  is  not  so  much  the 
case  w^ith  regard  to  electrical  engineering  in  England  as  it  is  in  other 
branches  of  manufacture.  Now,  on  the  Continent,  you  notice  that  the 
owner's,  or  at  any  rate  the  manager's,  house  is  probably  on  the  works. 
The  whole  place  is  beautifully  kept  and  quite  clean,  and  probably  in 
the  yard  you  will  find  a  garden  and  a  fountain  playing.  That  may  seem 
a  little  exaggerated  to  us,  but  the  same  principle  is  carried  right 
throughout  the  works.  I  have  been  over  a  great  many  works  in 
Germany  and  Switzerland,  and  I  •  have  only  seen  one  equal  to  ours  in 
dirtiness  and  untidiness.  In  America  also  there  is  a  perfect  system  of 
order  and  cleanliness.  It  is  not  only  a  matter  of  expense  ;  it  means  that 
if  you  keep  the  works  perfectly  clean  and  tidy,  and  have  everything 
comfortable,  the  men  will  take  a  pride  in  their  work,  and  do  it  better, 
and  feel  more  interest  in  it,  and  are  not  so  anxious  to  get  home. 

Another  difference  we  ought  to  remember  is  that  the  Trades  Unions 
in  most  of  the  countries  are  not  so  strong  as  they  are  here.  I  have 
employed  both  French  and  American  workmen,  and  in  both  cases  I 
found  they  were  broadly  divided  into  very  different  classes,  one  was  very 
unintelligent,  and  the  other  very  sharp,  able  men,  who  were  really 
scientific  people  as  well  as  workmen.  We  do  not  get  that  sort  of  dis- 
tinction here.  The  Trades  Unions  tend  to  level  down  all  our  work- 
men; the  old  millwrights  were  something  like  the  superior  class  of 
Continental  workmen,  but  now  there  is  nothing  like  this  latter  class 
here.  Then  there  is  another  point  which  influences  things  very  much, 
and  that  is  the  law  of  electric  lighting  in  this  country  and  abroad.  I  do 
not  know  very  much  about  the  Continental  laws,  but  the  general  prin- 
ciple is,  I  think,  that  the  local  authorities  give  concessions  over  a  certain 
number  of  years,  and  the  industry  is  less  hampered. 

The  question  of  finance  is  also  different.  Enterprises  in  Germany, 
for  example,  are  generally  financed  in  a  way  which  is  quite  unusual 
in  England,  namely,  by  Banks.  We  look  upon  a  Bank  in  England  as 
a  place  where  you  put  so  much  money  for  drawing  cheques,  which  are 
more  convenient  than  Post  Office  orders ;  but  a  Bank  abroad  is  a 
speculative  concern,  which  supports  enterprises.  It  does  not  lend 
money  only  on  mortgages  and  so  on,  but  it  takes  up  industrial  enter- 
prises. The  Limited  Company  does  not  flourish  to  the  same  extent, 
but  the  Bank,  with  solid  advisers  at  its  back,  makes  a  very  much 
sounder  means  of  carrying  out  industrial  enterprises.  That  is  a  system 
that  we  want  very  much. 

Another  thing  about  Continental  works  which  is  very  important  is 
the  difference  in  the  way  of  developing.  Some  bacteria  and  other 
organisms,  as  we  know,  multiply*  by  fission.  You  will  find  that  the 
Continental  works  do  the  same.  Messrs.  Siemens,  for  instance,  have  a 
works  in  England  which  is  a  branch  of  Siemens  &  Halske. .  You  will 
find  that  Siemens  &  Halske  have  started  works  in  Germany  and  in  other 
places  one  after  the  other.  Ganz  have  done  the  same  thing  exactly, 
as  at  Schneiders  and  Helios,  and  they  do  a  great  deal  of  work  in 
particular  countries,  such  as  Italy.  The  Allgemeine  and  Brown,  Boveri 
in  the  same  way  have  manufacturing  places  in  different  countries,  and 
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Swinburne. 


Mr.  Sel'on. 


they  gradually  spread  in  that  way.  That  is  a  course  which  we  do  not 
pursue  in  England,  but  it  is  one  we  ought  to  pursue,  especially  as  we 
have  generally  more  chance  of  getting  capital  in^this  country  than  they 
have  abroad. 

Finally,  I  would  like  to  protest  against  expressions  of  astonishment 
at  a  railway  running  down  hill  wnth  a  motor.  I  think  it  shows  an  absolute 
want  of  grasp  of  the  nature  of  electrical  appliances  to  utter  such  a 
sentiment  as  that.  If  a  motor  has  sufficient  torque  to  pull  you  up  a  hill, 
surely  it  has  sufficient  torque  to  take  up  the  less  power  in  going  down 
hill.    A  magnetic  pull  is  as  real  as  the  pull  of  a  bar  of  metal. 

Mr.  R.  P.  Sellon  :  I  beg  to  move  that  the  discussion  be  now 
adjourned  to  the  next  meeting  of  the  Institution,  as  there  are  probably 
many  here  who  would  like  the  discussion  to  be  continued  for  another 
evening. 

The  resolution  was  agreed  to. 


The  President  announced  that  the  scrutineers  reported  the  follow- 
ing candidates  to  have  been  duly  elected  : — 

Member : 
Timothy  Howard. 

Associate  Members : 


Matthew  Atkinson  Adam. 
Frederick  Black. 
John  Carlos  Calastrcme. 
John  Edward  Donoghue. 
Seton  George  Legge  Eustace. 
Heber  Davie  Evans. 
Herbert  Henry  Edward  Heath. 
William  James  Adam   Edward 
Home. 


Henry  Robert  Low. 

Frank  Pickering. 

Percy  W.  Sankey. 

Harry  Snowdon. 

George  Senior  Wallace. 

John  William  Francis  Warren. 

Harold  Babington  Whitmee. 

James  Ashe  Windham. 

W'illiam  Richard  Wynne. 


Foreign  Members : 

Francis  Bacon  Crocker. 
Antonio  De  La  Mora. 


Associates : 


Hubert  George  Alder.  I 

William  Robb  Barclay. 

Joseph  Beattie.  ! 

Douglas  Constantine  Bchrends.    | 

Alfred  Sydney  Blundell. 

James  Brown. 

Sydney  Dale. 

David  Gill,  C.B.,  F.R.S. 

Harold  Griffiths. 

Alfred  Richard  HakoumofF. 

Norman  Charles 


Ernst  Olaf  Henrici. 

Henry  Hercules  Hodd. 

John  Frederick  Wood  Hooper. 

William  George  Hull. 

George  Gilbert  Jobbins. 

John  Thompson  Mertens. 

T.  F.  Santonna. 

Cromwell  John  Ernest  W^alkcr. 

Lancelot  William  Wild. 

John  Moseley  Williams. 

Woodfin. 
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Students  : 


Charles  Francis  Anderson. 
Richard  Flatt  Avens. 
John  Alfred  Ballard. 
Arnold  William  Bartlett. 
Frederic  Charles  Baumann. 
John  Dutton  Billinglon. 
George  J.  Bish. 
Richard      Ponsonby      Blenner- 

hassett. 
Benjamin  Ewart  Briggs. 
Corner  Bertram  Pavies. 
Leslie  Herbert  Davics. 
Herbert  Charles  Dear. 
William  Allwood  Dutton. 
Clement  L.  Faunthorpe. 
Robert  Fisher. 
William  Alfred  Fitzgerald. 
Harold  Frodsham. 
Thomas  Garnett. 
John  Alfred  Gilfillan. 
Hubbert  Arnold  Green. 
Henr>'  Henshaw  Bailey  Grundy. 
Ernest  Charles  Handcock. 
Lionel  James  Bur  stall  Hannan. 
Fielder  J.  Hiss,  Jun. 
George  Hedley  Hunt. 


Walter  John  Jeff ery. 

Bernard  Cyril  Johnson. 

Charles  Richard  Kemp. 

Ewen  McKinnon  Kerr. 

Alec  Arthur  Kift. 

Thomas  Henry  Langford. 

Philip  Alfred  Laubach. 

Arthur  Henry  Lawrence. 

Edward  Lea. 

Edward  Stephen  Luyks. 

Brian  Harold  Morphy. 

Hugh  Fletcher  Moulton. 

Leonard  Murphy. 

Malcolm  Parker. 

Richard  Lloyd  Pearson. 

Fred  Pritchard. 

Frederick  Robert  Charles  Rouse. 

Grout  Benjamin  Dickson  Croft 

Saw. 
Harry  Seward. 
James  Edmund  Starkie. 
Carl  Percival  Hugosson  Tamra. 
Frank  Tidman. 
Theophilus  Henry  Vigor. 
Percy  Webberley. 
Piers  Acton  Eliot  War  burton. 


William  Sydney  Wright. 
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The  Three  Hundred  and  Fortieth  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  Great  George  Street,  Westminster,  on  Thurs- 
day evening,  January  25th,  1900,  Professor  SiLVANUS 
P.  Thompson,  F.R.S.,  President,  in  the  Chair. 

The   President  :   Gentlemen,  before  the  minutes  are 
read,  we  have  a  very  sorrowful  duty  thrust  upon  us  by  the 
sad  loss  which  the  Institution  has  sustained  in  the  death  of  its 
Past-President,  Professor  Hughes.   Inmaking  this  announce- 
ment formally  from  the  chair,  I  feel  a  very  deep  sense  of 
personal  loss  in  the  removal  of  one  whom  I  have  known 
for  so  long,  who  had  the  interests  of  this  Institution  so 
thoroughly  at  heart,  who  never  missed  a  Council  Meeting  if 
he  could  help;  one  who  was  continually  with  us,  and  was 
himself  a  very  earnest  and  sincere  worker,  interested  in  all 
our  proceedings.     I  need  not  recount  the  many  claims  upon 
us  that  are  indissolubly  associated  with  the  name  of  Professor 
Hughes.     His  fame  as  an  electrician  is  world-wide.     His 
career  began,  more  than  thirty  years  ago,  with  the  invention 
of  the  printing  telegraph,  which  brought  him  into  relations 
with  the  Postal  departments  of  every  civilised  country,  which 
brought  him  recognition  as  a  scientific  man,  and  which  also 
brought  him  official  recognition  and  official  honours  from 
every  Government  in  Europe,  except  only  from  that  of  this 
country.     His  success  with  the  type-printing  telegraph  was 
followed  afterwards  by  those  remarkable  researches  of  his 
which  led  him  to  the  invention  of  the  microphone,  and, 
after  the  microphone,  of  the  sonometer  and  the  induction 
balance ;    and   after   the   induction   balance   the   magnetic 
balance,   and   then   still   later   that    piece   of   work   which 
remained   for  so   long  unknown,  when   he   succeeded   in 
sending  over  more  than  200  yards  definite  signals  without 
any  wires,  by  a  process  which  we  have  every  reason  to 
believe   is  practically   identical  with   that   followed  in  the 
more     recently    discovered    wireless     telegraphy.      These 
achievements  of  Professor  Hughes  placed  him  in  the  first  rank 
of  pioneers  in  electrical  work.     He  was  our  President,  and 
as   President    some  thirteen  years    ago  he  gave  us  a  very 
remarkable  address,  which   had   the  ef¥ect  of  producing  a 
considerable  number  of  researches  on  the  subject  of  self- 
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induction  which  greatly  advailced  our  knowledge  of  that 
subject.  It  was,  perhaps,  one  of  the  most  remarkable 
presidential  addresses  to  which  we  have  ever  listened. 
Since  then  he  read  a  paper  to  us  on  the  use  of  oil  in  insu- 
lation, and  he  occasionally  took  part  in  the  discussions  in 
this  room.  We  never  listened  to  him  without  feeling  that 
he  had  something  to  say,  and  that  whatever  he  had  to  say 
was  worth  hearing.  Those  of  us — and  there  are  many  of 
us— who  enjoyed  his  personal  acquaintance  and  friendship 
know  what  a  very  true-hearted  friend  he  was.  I  therefore, 
with  this  deep  consciousness  that  we  have  lost  one  with 
whom  it  will  ever  have  been  an  honour  to  be  associated, 
move  that  a  vote  of  condolence  and  sympathy  with  Mrs. 
Hughes  be  passed  by  this  meeting. 

"That  this  meeting  of  the  Institution  of  Electrical 
Engineers  hereby  expresses  its  deep  sense  of  the  loss 
sustained  in  the  decease  of  its  Past-President,  Professor 
D.  E.  Hughes,  F.R.S.,  and  tenders  to  Mrs.  Hughes  the  ex- 
pression of  its  condolence  and  its  most  sincere  sympathy." 

Major-General  Webber  :  A  very  conspicuous  figure  and 
a  very  distinguished  member  of  this  Institution  has,  as  you 
know,  disappeared  in  the  last  few  days  from  our  ranks. 
Some  of  us  remember  him  for  many  years  as  sitting  at  this 
table,  and  as  speaking  to  us  and  giving  to  us  the  results  of 
his  experience  in  connection  with  his  many  inventions.  I 
remember  an  incident  in  his  life  when  he  and  I  were  at 
Berlin  together  in  1866.  (I  was  at  the  time  examining  the 
system  at  the  central  telegraph  station  there),  and  he  was 
also  in  daily  attendance,  making  experiments  with,  and  teach- 
ing the  staff  at  Berlin,  the  use  of  his  type-printing  telegraph. 
1  well  remember,  when  finally  it  was  passed  on  behalf  of 
the  Prussian  Government  by  General  Von  Chauven,  the 
Director  of  Telegraphs,  w^hen  Professor  Hughes  (he  was 
then  Mr.  Hughes)  was  paid  in  cash  a  very  large  sum  for 
his  Prussian  patent,  he  opened  a  hand-bag  and  showed  it 
to  me,  as  he  left  the  offices  of  the  State  Telegraph  Ad- 
ministration. I  believe  it  was  then  he  received  the  most 
valuable  encouragement  that  he  ever  had  as  an  inventor, 
and  laid  the  foundation  for  the  large  fortune  which  after- 
wards enabled  him  to  give  his  time  to  research. 

I  beg  to  second  the  motion  which  our  President  has 
brought  before  us,  that  a  vote  of  condolence  and  sympathy. 
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on  the  occasion  of  her  sad  loss,  be  passed  by  this  meeting 
and  be  sent  to  Mrs.  Hughes. 

The  resolution  was  put  and  carried,  all  the  members 
rising  in  their  places. 

The  President  :  I  have  a  letter  from  the  executors  of 
the  late  Professor  Hughes,  dated  to-day,  stating  the  arrange- 
ments made  for  the  funeral :  **  The  funeral  of  the  late  Prof. 
D.  E.  Hughes,  F.R.S.,  etc.,  will  take  place  on  Saturday  next, 
the  27th  inst.,  at  Highgate  Cemetery  at  noon."  "A  special  ser- 
vice will  be  held  in  All  Souls'  Church,  Langham  Place,  close 
to  the  Langham  Hotel,  at  the  top  of  Regent  Street,  at  10.45 
o'clock  on  Saturday  morning,  at  which  we  hope  yourself  or 
some  other  representative  of  your  Society  may  be  present." 
I  may  add  that  the  Council  has,  at  its  meeting  just  held 
downstairs,  arranged  to  be  officially  represented  both  at  the 
service  at  All  Souls'  Church  at  10.45  ^^^  ^it  the  ceremony  of 
the  funeral  at  noon  in  the  Highgate  Cemetery.  We  under- 
stand that  it  will  be  a  gratification  to  Mrs.  Hughes  if  all  or 
any  of  those  present,  who  knew  Professor  Hughes,  were 
able  to  attend  either  the  ceremony  in  the  church  or  the 
interment  at  the  cemetery. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
January  nth,  1900,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Insti- 
tution were  announced,  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council  : — 

From  the  class  of  Associate  Members  to  that  of 
Members — 

Charles  Frederic  Heywood. 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

Charles  Claremont  Atchison.     I       Alfred  H.  Irvine  Graham. 

Thomas  P.  E.  Butt.  Frank  Hewer. 

John  George  Freeman.  I       Arthur  Maitland  Keays. 
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From  the  class  of  Students  to  that  of  Associates — 

Wilfred  Birks  Cleeves. 

Messrs.  Norman  Smith  and  H.  D.  Hodges  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 

The  Secretary  read  the  following  list  of  Officers  and 
Committees  which  had  been  elected  by  the  new  local 
sections  in  Dublin  and  Glasgow  respectively  : — 

Officers  and  Committee  of  the  Dublin  Local  Section. 

Chairman— Professor  G.  F.  Fitzgerald,  F.R.S. 
Vice-Chairtnan — Colonel  C.  F.  C.  Beresford,  R.E. 


Committee, 


Professor  W.  F.  Barrett. 
C.  P.  C.  Cummins. 
R.  Humphries. 
M.  C.  Olsson. 


G.  F.  Pilditch. 
A.  E.  Porte. 
M.  Ruddle. 
P.  S.  Sheardown. 


Hon,  Secretary— F.  Gill. 

Officers  and  Committee  of  the  Glasgow  Local  Section. 

Chairman— The  Rt.  Hon.  Lord  Kelvin,  G.C.V.O.,  F.R.S. 
Vice-Chairman — Professor  Magnus  Maclean,  D.Sc. 


Committee. 

W.  A.  Chamen. 
Professor  A.  Jamieson. 
W.  W.  Lachie. 
H.  A.  Mavor. 


J.  M.  M.  Munro. 
W.  B.  Sayers. 
F.  Teague. 
T.  Young. 

Hon  Secretary — Professor  W.  H.  Watkinson. 

The  President  :  We  will  now  resume  the  discussion  on 
the  Report  of  the  Swiss  Visit  Committee. 

Mr.  S.  Z.  DE  Ferranti  :  The  piincipal  thing  that  struck  me  with  ^r.  Fcrrantf. 
regard  to  the  Swiss  visit  was  the  great  facility  for  doing  all  sorts  of  elec- 
trical work  on*  a  large  scale  in  Switzerland.  It  was  not  merely  the  fact 
of  their  having  water-power  available,  but  the  customs  of  the  country 
seemed  to  enable  the  people,  or  groups  of  people,  to  carry  out  without 
too  much  obstruction  very  considerable  works,  most  beneficial  to  the 
country  and  to  the  development  of  the  electrical  industry.  This  struck 
me  more  than  the  installations  which  we  saw,  and  it  made  me  very 
much  regret  that  we  did  not  in  this  country  seem  to  have  that  desire  for 
something  new  and  for  going  forward  and  testing  on  a  practical  -scale 
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Mr.Ferranti.  all  the  advantages  of  a  great  electrical  business  in  the  way  in  which  the 
smaller  country  of  Switzerland  seemed  to  do.  The  tendency  seemed  to 
be  for  everybody  there  to  help  everybody  else  to  advance  in  the  great 
industry  ;  and  even  more  striking  than  this  was  the  contrast  between 
that  and  the  terrible  obstruction  with  which  anything  new  in  this 
country  is  met.  There  are  so  many  vested  interests,  there  are  so  many 
people  whom  it  is  the  business  of  the  whole  country  to  protect,  that  the 
country  at  large  suffers  very  much.  The  result  is  that  we  are  in  the 
unfortunate  position  of  seeing  Switzerland  in  many  ways  far  better 
developed  in  the  new  electrical  business  than  we  are  at  home.  We  have 
almost  unlimited  quantities  of  very  cheap  coal,  and  many  good  supplies 
of  gas  :  in  fact,  a  good  gas  supply  to  almost  every  centre  of  population 
in  the  country.  They,  on  the  other  hand,  have  dear  coal,  and 
plentiful  water-power  which  is  easily  developed  in  many,  but  not  in 
all,  cases.  I  do  not  see  that  this  puts  us  at  any  very  great  disadvan- 
tage. The  fault  in  this  country  is  the  general  obstruction  to  anything 
new. 

With  regard  to  some  of  the  details  of  the  work  that  we  saw  in 
Switzerland,  I  was  very  much  impressed  with  some  of  the  central 
stations.  Take  that  admirable  power-house  at  Spiez  for  running  the 
Burgdorf-Thun  Railway.  The  generating  part  of  the  work  with  tur- 
bines and  multiphase  dynamos  was  as  good  as  it  was  possible  to  be  ;  but 
the  switching  arrangements  seemed  to  me  to  be  exceedingly  complicated. 
The  mere  handling  of  machines  and  the  switching  and  regulation  were 
in  themselves  a  very  big  problem  ;  but  in  addition  to  these,  there  were 
the  step-up  transformers  and  all  the  connections  of  the  lines  and  the 
arrangements  for  securing  safety  and  working  the  system  generally. 
The  greatest  defect  attached  to  the  system  which  we  saw  there  was,  to 
my  mind,  the  complication  involved  in  the  apparatus  connected  with  it. 
A  few  days  ago,  at  Manchester,  I  called  attention  to  the  very  great 
expense  and  complication  involved  in  such  an  installation  as  that  at 
Glasgow,  where,  in  order  to  save  copper  and  get  the  advantages  of  the 
multiphase  system  for  supplying  the  tramways  all  over  the  town,  an 
immense  amount  of  complicated  apparatus  had  to  be  used.  I  do  not 
say  that  it  is  altogether  bad,  but  that,  at  present,  all  these  appendages  to 
the  main  part  of  the  system  are  exceedingly  costly,  and  that  the  direc- 
tion for  improvement,  so  far  as  one  can  see,  lies  principally  in  the 
simplification  of  these  appendages.  The  idea  is  good,  and  the  results 
achieved  are  excellent,  but  there  is  unfortunately  an  intermediate  stage 
which  is  very  costly  and  complicated,  and  if  it  is  possible  to  reduce  the 
compUcation  and  the  expense  and  simplify  the  matter  greatly  we  shall 
be  in  a  much  better  position  from  the  point  of  view  of  electrical  distri- 
bution over  large  areas. 

Mr.  E.  KiLBiTRX  Scott  :  The  first  locomotives  put  into  use  on  the 
Jungfrau  railway  were  built  at  the  famous  Winterthur  Works  and 
equipped  electrically  by  Messrs.  Brown,  Boveri  &  Co.  Each  locomo- 
tive has  two  motors,  each  giving  150  h.p.  at  760  revolutions.  There 
is  one  resistance  for  the  two  motors,  current  being  collected  by  four 
trolley  poles. 

The  Oerlikon  Company  have  recently  supplied  three  more  locomo- 


Mr.  KUbum 
Scott. 
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tires  of   greater  power,  each   of    the   motors  giving  200  h.p.  at  550  Mr.  KUbarn 

revolutions.    Current  is  collected  by  two  grooved  slides  contact  similar 

to  those  generally  used  in  crane  work.     In  the  centre  of  each  driving 

axle  is  the  rack  pinion  having  teeth  4  in.  pitch  and  2|  in.  broad.    These 

pinions  are  of  aluminium  bronze,  and,  forming  an  extension  on  either 

side,  are  two  grooved  brake-wheels  on  which  work  eight  toothed  clamps, 

the  latter  being  actuated  by  two  handles  (one  for  each  driver).    A  water 

reservoir  is  provided,  from  which  pipes  are  taken  down  to  the  grooved 

brakes  for  the  purpose  of  cooling  them.    There  is  also  a  tachometer  to 

indicate  to  the  drivers  the  speed  of  the  motor  shaft.    The  total  weight 

of  the  locomotive  complete  is  17  tons,  or  5  tons  heavier  than  the  first 

locomotives ;  of  this,  each  motor  weighs  about  2  tons,  and  the  cover  i^ 

tons.     Half  the  weight  of  the  passenger-car  rests  on  the  locomotive,  to 

obtain  greater  adhesion  and  give  safety  in  working.    There  are  separate 

resistances  for  each  motor,  and  it  may  he  noted  that  at  present  they  are 

used  not  only  for  starting,  but  also  for  absorbing  current  when  the 

locomotive  is  on  the  descent.    The  motors  are  always  left  in  circuit  so 

as  to  secure  the  automatic  braking  action,  and  any  extra  current  is  taken 

by  the  resistance,  thus  giving  the  generators  a  nearly  even  load.    When 

there  is  sufficient  traffic  on  the  line  the  descending  locomotives  will 

pump  back  current  to  the  line  and  so  help  the  ascending  cars.    At 

present  this  is  not  quite  feasible  because  of  the  irregular  traffic,  there 

being  sometimes  a  locomotive  descending  whilst  the  one  going  up  is 

standing  at  a  station.    It  may  be  mentioned  that  on  the  25  per  cent,  grade 

the  locomotive  will  start  of  itself  without  current.    For  cooling  the  resist-  - 

ance  wire  a  i  horse-power  motor  is  coupled  to  a  fan  immediately  below 

the  coils. 

When  the  locomotive  is  exactly  between  the  two  transformer  stations 
(which  are  2,000  or  1,000  metres  apart,  according  as  the  gradient  is  12^^ 
per  cent,  or  25  per  cent.)  there  is  a  drop  of  about  12  per  cent,  in  the 
voltage.  The  locomotive  is  then  obtaining  half  its  current  from  the  one 
and  half  from  the  other  station,  whilst  the  voltmeter  registers  the  lowest 
voltage  obtainable.  As  the  locomotive  leaves  this  position  the  volts 
on  the  voltmeter  rise  gradually  in  proportion  to  the  distance  of  the 
locomotive  to  the  transformer,  and  by  this  means  the  driver  can 
tell  almost  exactly  the  distance  of  his  locomotive  from  the  nearest 
station,  independently  of  any  landmarks  or  signals.  If  on  passing* 
the  centre  point  between  two  sub-stations  the  loss  •  increases  above 
i2i  per  cent.,  the  driver  at  once  knows  that  something  is  wrong  or 
that  the  second  locomotive  is  on  the  same  section.  The  system  there- 
fore constitutes  a  perfect  block  system,  and  this  appears  to  the  speaker 
to  be  strong  argument  in* favour  of  working  the  railways  by  sub-stations 
fitted  with  cheap  static  transformers  fairly  close  together  instead  of 
larger  sub-stations  with  rotating  machinery  at  long  intervals. 

There  are,  of  course,  the  hand  automatic  and  electric  brakes,  as 
required  by  the  Swiss  regulations  for  working  mountain  railways,  but 
independently  of  these  special  brakes  the  simplicity  of  the  gear  and  con- 
nections is  very  striking.  This  can  be  at  once  seen  by  comparing  a 
diagram  of  the  connections  of  a  three-phase  locomotive  with  an  ordinary 
car  wiring  diagram  as  required  for  continuous-current  motors. 
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Mr^KUburn  j^  ^^^y  ^^^  mentioned  that  on  behalf  of  the  Jungfrau  Railway  Commis- 

sion two  very  capable  electrical  engineers,  Messrs.  West-Kunz  and  Thor- 
man,  went  thoroughly  into  the  question  of  whether  to  employ  three-phase 
transmission  with  a  few  rotary  converter  sub-stations  and  continuous- 
current  motors  on  the  locomotives,  or  \vhether  to  employ  three-phase 
throughout.  The  latter  was  decided  on,  first,  because  of  the  greater 
simplicity  of  the  motors  and  regulating  arrangements  ;  second^  because 
of  the  automatic  braking  action  on  the  descent ;  fftird,  because  of  the 
expense  and  difficulty  in  maintaining  sub-stations  in  which  there  would 
be  rotating  machinery  and  assistants  to  relieve  each  other  periodically  ; 
fourth f  because  after  very  careful  estimates  had  been  prepared  from 
manufacturers'  actual  prices,  it  was  found  that  the  first  cost  of  the  rotary 
converter  method  would  be  over  50  per  cent,  greater  than  that  of  a 
system  in  which  three-phase  currents  only  were  employed. 

The  suggestion  that  the  Swiss  engineers  do  not  give  sufficient 
attention  to  the  financial  side  of  the  question  is  not  fair.  Surely  the 
very  prosperous  condition  of  the  industries  and  of  electric  light  and 
power  undertakings  in. Switzerland  is  evidence  enough  to  the  contrary, 
A  little  less  talk  about  so  and  so  being  a  fraction  of  a  penny  per  unit,  and 
more  of  the  trained  and  sound  engineering  sense  which  the  Swiss  bring 
to  bear  on  their  work,  would  be  to  our  benefit.  We  have  far  too  many 
telegraphists  and  house-wirers  posing  as  engineers. 

Mr.  Field.  Mr.  M.  B.  FiELD  :  As  Mr.  Crompton  expressed  his  surprise  at  the 

great  simplicity  of  the  overhead  construction  of  the  Swiss  three-phase 
railways,  and  threw  upon  the  screen  a  photo  showing  the  stirrup-shaped 
collector  employed,  I  would  like  to  point  out  for  the  benefit  of  those 
who  did  not  visit  Switzerland  the  great  simplification  which  is  effected 
by  the  use  of  the  same  (as  against  two  or  four  trolleys)  at  branches  and 
crossings. 

Fig.  A  shows  the  arrangement  of  overhead  lines  as  sometimes 
adopted  at  a  junction. 

The  two  overhead  lines,  together  with  the  rails,  form  the  three 
three-phase  conductors.  The  current  from  the  trolley  wire,  /„  passes 
down  one  side  of  the  split  stirrup-shaped  collecting  shoe,  and  from 
the  second  wire,  /„  down  the  other  side  of  the  stirrup.  At  the 
junction  the  two  inner  lines,  t^  and  Z^,  end,  their  ends  being  supported 
and  anchored  by  a  bracket  arm  or  span  wire  construction  in  the 
usual  way.  At  this  suspension  /,  is  connected  to  t^,  and  /,  to  t^y  the 
connections  being  arranged  on  the  upper  side  so  as  not  to  interfere 
with  the  stirrup  as  it  passes  below.  The  main  point  to  guard  against 
is  that  the  stirrup  in  passing  the  junction  does  not  short-circuit  /,  and 
^  ;  I J  2,  3,  4,  5,  6,  7  show  successive  positions  of  the  stirrup  as  the  car 
travels.  From  an  examination  of  the  ligme  it  is  obvious  that  it  is 
merely  a  matter  of  arrangement  to  avoid  all  possibility  of  short  circuits 
at  the  junction.  In  position  5  it  is  clear  that  the  stirrup  is  only 
receiving  current  from  one  overhead  wire  (either  /,  or  /„),  the  current 
returning  by  the  rail,  i.e.,  the  motor  is  being  supplied  with  single-phase 
currents  and  will  continue  running  as  a  single-phaser.  Owing  to  the 
fact,  however,  that  it  would  not  start  as  a  single-jfliaser,  this  cannot  be 
relied  upon,  and  therefore  the  car  is  provided  with  two  stirrups,  so  that 
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the  hinder  stirrup  collects  three-phase  currents  while  the  front  one  is  Mr.  Field, 
passing  over  the  junction,  and  vice  versa.  Any  one  familiar  with  the 
pen^rseness  of  trolleys  will  recognise  the  disadvantage  of  employing 
four  trolleys  for  such  a  crossing,  with  their  inevitable  tendency  to 
jump  the  track  at  the  frogs,  and  the  great  simplification  of  the  split 
stirrup,  which,  if  properly  arranged,  cannot  cause  short  circuits,  and  in 
fact  works  very  well.  When  the  car  reverses  the  stirrups  automatically 
reverse,  by  raising  the  trolley  and  span  wires  until  they  have  assumed 
a  vertical  position,  and  then  dropping  over  into  the  reverse  position. 

Some  engineers,  after  visiting  Switzerland,  are,  I  think,  too  apt  to 
jump  to  the  conclusion  that  many  of  the  English  railways,  such  as  the 
Dublin,  Middlesbrough,  and  Central  London,  where  the  distribution  of 
power  to  different  parts  of  the  line  is  effected  by  three-phase  high- 
tension  currents,  might  have  been  better  equipped  with  three-phase 
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motors  (thus  obviating  the  use  of  the  rotary  converter),  and  they  do  not 
sufficiently  consider  the  great  dissimilarity  between  the  conditions 
obtaining  in  Switzerland  and  England.  As  in  most  other  applications 
of  electricity,  so  is  it  with  traction  work :  alternating-current  systems 
have  a  complete  region  of  their  own  where  their  advantages  are  para- 
mount, while  there  is  another  region  in  which  the  claims  of  the 
continuous-current  system  are  equally  paramount.  It  is  also  certain 
that  no  one  can  draw  a  definite  line  of  demarcation  between  the  two, 
but  that,  on  the  other  hand,  there  is  an  ill-defined  region  where  the 
advantages  and  disadvantages  of  both  systems  overlap,  and  some 
engineers  advocate  the  adoption  of  the  one,  while  others  advocate  the 
adoption  of  the  other  system. 

I  suppose  no  one  will  question  the  advisability  of  the  adoption  of  the 
series  motor  for  such  street  railways  as  are  found  in  Leeds,  Liverpool, 
etc.,  where  the  area  covered  is  comparatively  small,  where  generation 
and  distribution  of  continuous  current  at  500  volts  can  be  effected  with 
great  economy,  and  in  fact  where  all  conditions  are  in  favour  of  a 
continuous-current  system  throughout.  This  is  the  region  where  the 
claims  of  continuous-current  systems  are  paramount. 


Digitized  by  LjOOQ  IC 


248  REPORT  OF  THE   SWISS  VISIT  COMMITTEE.    [Jan.  25th, 

Mr.  Field-  When  we,  however,  come  to  mountain  railways,  we  have  to  acknow- 

ledge in  most  cases  the  superior  claims  of  the  three-phase  system. 
Imagine  a  generating  station  miles  away  from  the  line,  located  just 
where  an  available  mountain  waterfall  is  to  be  found,  the  sub-stations 
far  up  among  the  mountains  in  inaccessible  positions,  often  half  buried 
in  snow,  and  then  say  what  could  be  more  suitable  than  transformers, 
requiring  no  oiling,  attendance,  starting  up,  and  switching  about,  but 
merely  doing  their  duty  without  attendance,  transforming  the  high- 
tension  three-phase  current  to  low-tension  three-phase  current,  and 
supplying  the  same  to  the  trolley  wires. 

Then,  again,  since  there  are  few  branches  and  crossings,  the  over- 
head construction  is  comparatively  simple,  and  its  unsightliness  of 
small  importance.  There  are  very  few  stops  or  stations,  and  speed 
variation  is  not  needed  ;  indeed,  many  railway  promoters  consider  an 
absolutely  constant  speed  a  great  advantage,  since,  as  long  as  his 
motor  remains  in  circuit,  the  motorman  cannot  exceed  his  speed  limit 
on  the  down  gradients,  a  fact  which  goes  a  long  way  in  obviating 
panic  among  the  passengers  on  such  gradients  as  25  per  cent.  The 
overhead  construction  is  slightly  complicated,  but  not  to  any  very 
large  extent,  because  there  are  not  many  branches.  If  it  is  a  little 
unsightly  it  does  not  matter  on  mountains.  There  is  no  doubt  that  is 
the  region  where  the  claims  of  the  three-phase  motor  are  paramount. 

Another  instance  where  the  three-phase  motor  will  be  perhaps  most 
advantageous  is  that  of  very  long  railway  lines  with  stations  far  apart, 
where  practically  constant  speed  is  possible,  where  the  trolley  wires 
must  be  supplied  at  two  or  three  thousand  volts,  the  current  being 
transformed  down  to  a  suitable  value  for  the  motors  by  transformers 
carried  on  each  locomotive. 

When,  however,  we  come  to  systems  like  those  of  Dublin, 
Middlesbrough,  and  Central  London,  where  the  transmission  of 
power,  it  is  true,  is  effected  by  three-phase  currents  at  high  pres- 
sure, we  still,  in  view  of  the  variable  speed  and  frequent  stops, 
require  an  efficient  method  of  speed  control,  and  an  economical 
system  of  obtaining  great  train  accelerations,  as  is  afforded  by  the 
series-parallel  controller  in  combination  with  the  series  motor,  rather 
than  by  the  wasteful  method  of  inserting  resistance  in  the  rotor  circuits. 
Again,  we  cannot  afford  to  complicate  the  overhead  construction  ;  while 
its  unsightliness  in  cities  is  a  most  objectionable  feature,  the  problem 
of  the  conduit  and  surface  contact  systems  becomes  far  more  complex, 
while  the  inaccessibility  of  the  sub-stations  can  no  longer  be  urged  as  a 
valid  ground  against  the  use  of  rotating  machinery. 

I  will  just  take  one  instance,  viz.,  the  Central  London,  since  Mr. 
Swallow  referred  to  that  system  at  the  last  meeting.  There  are  on 
this  railway  some  thirteen  stations  in  a  length  slightly  over  six  miles, 
giving  an  average  distance  of  under  half  a  mile  between  stations.  The 
average  speed  is  reckoned  at  fourteen  miles  per  hour,  whereas  the 
maximum  rises  to  over  thirty  miles  per  hour. 

If,  then,  we  draw  out  the  velocity  time  curve  along  the  route  we 
get  a  diagram  something  like  Fig.  B.  If,  now,  at  the  maximum 
speed  of,  say,  thirty-two  miles  the  motor  is  not  to  retard  the  locomo- 
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tive,  we  may  draw  the  hypothetical  speed  as  shown,  in  which  case  MrrFWd. 
u-e  see  that  at  every  instant  the  horse-power  being  usefully  utilised  in 
propelling  the  train,  is  to  the  horse-power  wasted  in  rotor  resistance 
in  (he  ratio  of  those  portions  of  the  vertical  ordinate  below  and 
above  the  speed  curve  respectively.  For  example,  in  tlie  diagram  a 
vertical  ordinate  has  been  drawn  at  time  =  220  seconds  from  start.  If 
at  this  instant  we  represent  the  useful  work  being  done  by  motors 
as  the  length  of  the  line  a  6,  then  b  c  will  similarly  represent  the  lost 
power  in  the  rotor  circuits.  Bearing  this  in  mind,  compare  the 
case  of  the  Central  London  with  that  of  a  mountain  railway,  where  a 
constant  speed  is  maintained  between  stations  very  far  apart,  and  hence 
where  the  acceleration  demands  an  insignificant  portion  of  the  total 
energ)'  required  for  propulsion  of  the  train  between  two  stations.  A 
glance  at  the  proportions  of  area  above  and  below  the  speed  curve  in 
the  two  cases  will  suffice   to  show  that,   however  advantageous  the 
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three-phase  s)rstem  may  be  for  mountain  railways,  we  certainly  cannot 
apply  the  self-same  arguments  in  the  case  of  the  Central  London. 

Before  jumping  to  the  conclusion  that  the  three-phase  system  is 
even  the  best  for  the  Burgdorf-Thun  railway,  let  us  consider  the 
alternative  that  lay  before  Messrs.  Brown,  Boveri,  who  equipped  the 
line. 

We  must  not  lose  sight  of  the  fact  that  they  had  not  developed  the 
series  motor,  and  the  series-parallel  controller,  with  all  the  accessory 
continuous-current  railway  apparatus,  for  years  past ;  whereas  the 
three-phase  motor  had  been  their  chief  speciality.  While  with  the 
three-phase  motor  they  were  probably  in  advance  of  everybody  the 
whole  world  over,  they  were  in  ordinary  small  continuous-current 
motors  and  dynamos  certainly  behind  the  standard  American  practice, 
let  alone  the  special  line  of  continuous-current  railway  material.  On 
the  one  hand  they  were  absolutely  sure  of  success  if  they  adopted  the 
three-phase  motor  ;  on  the  other  hand,  to  have  adopted  the  series  motor 
would  have  entailed  an  almost  completely  new  departure  on  their  part  : 
and  I  can  imagine  that  these  alone,  and  apart  from  all  other  reasons, 
would  have  been  sufficient  to  warrant  the  decision  in  favour  of  three- 
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Mr.  Fidd,  '  phase  motors.  If,  on  the  other  hand,  they  had  developed  the  series  motor 
and  accessory  apparatus  through  years  of  experience,  and  brought  it  to 
the  same  state  of  perfection  that  American  practice  has,  we  should  not 
have  been  very  surprised  to  see  Messrs.  Brown,  Boveri  adopting  rotary 
converters  on  the  Burgdorf-Thun  line.  I  consider  the  case  for  the 
three-phase  motor  far  from  proved.  What  we  really  need  are  figures 
of  B.T.U.  per  ton  mile,  measured  at  the  train  and  in  the  generating 
station,  before  the  matter  can  be  accurately  discussed. 

[Communicated.] — In  railways  such  as  the  Central  London,  where 
the  runs  are  very  short,  and  rapid  accelerations  essential,  too  much 
attention  cannot  be  paid  to  the  shape  of  the  velocity- time  curves. 
Clearly  the  area  of  the  curve  represents  space  passed  through,  con- 
sequently we  see  that  there  are  any  number  of  ways  in  which  the  same 
space  may  be  covered  in  the  same  time,  it  being  only  necessary  to 
make  the  area  of  each  velocity-time  curve  the  same. 

For  example,  in  Fig.  C  each  of  the  three  curves  includes  the  same 
area,  and  hence  represents  the  same  space  passed  over  in  the  same 
time.  The  initial  acceleration  and  time  occupied  in  accelerating  is, 
however,  different  in  each  case,  and  we  see  that  the  greater  the  initial 
acceleration  and  the  shorter  the  time  occupied  therefor,  the  smaller 
will  be  the  velocity  of  the  train  when  the  brakes  must  be  applied.  The 
two  extreme  cases  would  be  :  ist,  where  the  acceleration  was  extremely 
rapid,  so  that  the  train  would  be  coasting  a  great  part  of  the  journey, 
and  the  final  velocity  when  the  brakes  were  applied  would  be  very 
small ;  2nd,  where  the  acceleration  was  more  or  less  constant  up  to  the 
time  when  the  brakes  would  have  to  be  applied.  These  would  then  be 
applied  when  the  train  was  at  its  maximum  velocity,  and  since  the 
energy  absorbed  is  proportional  to  the  square  of  the  velocity,  this 
would  manifestly  be  a  very  inefficient  procedure.  The  tendency  is, 
therefore,  to  obtain  very  great  accelerations,  coast  a  large  proportion  of 
the  run,  and  thus  reduce  as  far  as  possible  the  final  velocity  when  the 
brakes  are  applied.  Of  course,  the  acceleration  cannot  be  increased 
indefinitely  for  other  reasons,  such,  as  passengers*  comfort,  power  of 
motors,  etc.,  but  still  the  consideration  is  of  utmost  importance.  As  a 
result,  we  find  that  the  train  is  being  accelerated  more  or  less  uniformly 
for  from  I  to  i^  the  journey  in  which  time  it  reaches  its  maximum 
velocity,  the  current  is  then  instantly  cut  off,  and  the  remainder  of 
the  run  is  occupied  with  coasting.  The  train  consequently  only  runs 
at  its  maximum  velocity  for  one  instant,  and  never  maintains  this  for 
any  length  of  time.  Now  during  a  great  part  of  the  time  taken  for 
acceleration,  scries  motors,  if  employed,  would  be  in  one  or  other  of 
their  "  running "  combinations,  that  is,  with  all  resistance  cut  out.  and 
would  therefore  constitute  a  fairly  efficient  arrangement.  A  three- 
phase  motor,  on  the  other  hand,  would  only  be  working  with  anything 
like  a  reasonable  efficiency  for  one  short  instant  between  two  successive 
stations,  viz.,  when  the  train  was  running  at  its  maximum  velocity ; 
and  until  an  efficient  variable  speed  motor  or  reliable  variable  gear  has 
been  introduced  which  can  be  handled  as  readily  as  an  ordinary  series- 
parallel  controller,  the  series  motor  will  undoubtedly  outrival  the  three- 
phase  motor  for  such  railways. 
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Mr.  A.  E.  Levin  :  Mr.  Hammond  at  the  last  meeting  suggested  that  a  Mr.  Levin. 
few  data  as  to  the  cost  of  the  kilowatt-hour  in  water-power  stations  in 
Switzerland  would  be  of  interest.  It  is  a  little  difficult  to  give  the  cost 
per  kilowatt-hour,  for  the  simple  reason  that  very  rarely  indeed  is  the 
charge  made  for  power  by  meter.  In  Zurich,  and  a  few  other  large 
towns  where  the  load  is  principally  for  lighting,  and  the  conditions 
approximate,  more  or  less,  to  the  lighting  circuits  of  our  cities,  meters 
are  employed,  but  in  all  other  cases  the  charge  is  made  at  a  fixed 
rate  per  annum  for  every  lamp  installed  or  for  every  b.h.p.  of 
motors.  In  the  case  of  lamps  the  charge  is  usually  20  to  25  francs 
(i6s.  to  £1)  for  a  i6-candle  power  lamp.  This  charge  is  sometimes 
modified  in  the  case  of  lamps  in  bedrooms  which  are  seldom  used. 
But  the  charge  for  motors  is  perhaps  of  more  interest.  A  graduated 
scale  is  generally  adopted  for  small  or  large  motors.  In  the  case  of 
small  motors  the  price  will  vary  usually  between  200  and  250  francs 
(£^  to  ;fiio)  per  annum  for  every  b.h.p.  instaUed.     In  the  case  of  larger 
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motors,  up  to  and  above  50  h.p.,  the  price  may  be  as  low  as  150  or  180 
francs  (say  £6  or  £'])  for  every  b.h.p.  installed.  These  prices  are 
based  on  factory  use,  that  is  to  say,  about  3,000  hours  in  the  year,  but 
it  is  only  rarely  that  any  special  conditions  are  made  for  motors 
employed  either  intermittently  or  day  and  night.  A  very  fair  average 
may  therefore  be  taken  as  150  francs  for  3,000  h.p.  hours,  which  would 
work  out  at  5  centimes  (or  about  Jd.)  per  b.h.p.  hour.  The  b.h.p, 
hour,  taking  into  account  the  efficiency  of  the  motors,  the  loss  in  the 
line  and  transformers,  will  approximately  correspond  to  i  kilowatt - 
hour  generated  in  the  power-house.  It  is  true  that  there  is  one  excep- 
tional case  where  power  is  sold  for  carbide  production  at  the  low  rate 
of  60  francs  per  annum  per  b.h.p.  The  power  is  in  this  case  used  for 
24  hours  a  day,  and  365  days  a  year,  so  tliat  the  cost  would  work  out 
to  -rVd.  per  kilowatt-hour.  But  in  this  particularly  happy  case  the 
financial  and  technical  conditions  were  so  favourable  that  it  must  not 
be  taken  as  at  aU  typical. 
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Mr,  Lcvia  Another  point  which  has  been  very  noticeable  among  the  different 

speakers  is  the  very  great  impression  that  was  made  by  the  three-phase' 
traction  plant  in  Switzerland.  I  must  endorse  what  Mr.  Field  has 
just  said,  for  I  believe  that  much  too  favourable  an  impression  has  been 
produced.  The  Burgdorf-Thun  railway  especially,  and  other  three-phase 
traction  plants  are  seen  working  very  satisfactorily,  but  it  is,  possibly, 
a  false  idea  to  take  away  that  therefore  the  system  is  the  best  for  all, 
or  even  for  some,  cases.  By  dint  of  careful  workmanship  and  good 
mechanical  execution  in  general,  these  railways  are  made  to  work 
exceedingly  well,  but  I  believe  the  system  is  open  to  very  serious 
objections  inherent  in  it  and  quite  apart  from  any  question  of  mechanical 
design.  In  comparing  the  continuous-current  series  traction  motor 
with  the  three-phase  motor  there  are  many  differences,  but  the  most 
important  lies,  perhaps,  in  the  behaviour  of  the  two  motors. when  work- 
ing under  reduced  pressure.  In  the  case  of  a  heavy  load,  when  the 
drop  of  potential  on  the  trolley  line  is  great,  the  continuous-current 
series  motor  will  run  at  a  slower  speed,  but  will  have  no  difficulty 
whatever  in  giving  its  full  torque.  The  three-phase  motor  is  limited  in  its 
torque  by  the  tension ;  in  fact  the  maximum  torque  which  can  he 
exerted  by  a  three-phase  motor  falls  off  as  the  square  of  the  pressure.  In 
designing  the  line  and  spacing  the  transformers  of  a  three-phase  traction 
line  it  is  necessary  to  bear  in  mind  not  only,  or  even  chiefiy,  the 
economical  distribution  of  material  according  to  the  Thomson  law; 
balancing  interest  and  depreciation  on  copper  and  transformers  against 
the  cost  of  the  power  lost.  One  must  also  take  into  account  the  fact  that 
the  drop  of  potential  must  at  no  time  become  so  heavy  that  the  motors 
will  refuse  to  do  their  work.  It  may,  and  frequently,  I  believe,  will,  arise 
that  in  order  to  prevent  the  refusal  of  the  motors  to  do  their  work  a 
larger  amount  of  copper  must  be  put  into  the  lines,  or  the  transformers 
must  be  spaced  closer  together  than  would  be  warranted  by  questions 
of  economy  alone.  Even  granted  that  such  a  calculation  is  made,  it  is 
obvious  that  there  may  arise  contingencies  and  emergencies  such  as 
the  breakdown  of  one  train,  requiring  two  trains  to  be  coupled 
together,  or  exceptionally  heavy  holiday  traffic,  when  the  load  will 
be  greater  than  was  ever  contemplated  before,  and  the  drop  of  potential 
on  the  line  may  be  too  great  and  the  motors  will  refuse  to  do  their 
work.  With  the  series  continuous-current  system,  whatever  the  load 
may  be,  whatever  contingencies  may  arise,  if  there  is  any  pressure  at  all 
on  the  line  the  motors  will  crawl  along  and  will  give  their  torque  even  if 
they  go  much  more  slowly. 

It  has  often  been  urged  that  a  great  advantage  of  the  three-phase 
system  lies  in  the  fact  that  a  higher  pressure  can  he  adopted.  Is 
it  quite  certain,  however,  that  the  limit  of  pressure,  with  continuous- 
current  working,  has  been  reached?  Is  there  any  reason  why  con- 
tinuous-current series  motors  for  traction  work,  at  all  events  of  60  to 
100  h.p.,  should  not  be  built  for  750  volts  quite  as  well  as  the  three- 
phase  motors  now  running  on  the  Burgdorf-Thun  line  ?  It  is  true 
that  the  Board  of  Trade  at  present  limits  the  pressure  for  continuous 
currents  to  500  volts,  but  it  also  limits  the  pressure  of  alternating 
currents  to  300,  so  that  in  either  case  we  are  above  the  limit.     The 
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objection  that  standard  city  lines  are  made  for  500  volts  is  scarcely  ***"•  ^-*^°' 
of  great  importance,  for  there  seems  to  me  no  reason  why  inter- 
urban  lines  should  not  be  made  for  running  at  a  pressure  of  750 
volts,  while  the  same  cars  entering  the  city  limits  would  run  on  to 
the  500  volts  at  a  reduced  speed.  If  three-phase  traction  will 
allow  us  to  go  to  much  higher  pressure — to  several  thousand  volts — 
then  indeed  a  great  advantage  is  laid  before  us.  A  line  has  been  under 
construction  for  some  years  from  Lecco  to  Sondrio  in  North 
Italy,  where  a  pressure  of  3,000  volts  is  to  be  employed  on  the  trolley 
line.  Messrs.  Ganz  &  Co.,  of  Buda-Pesth,  are  constructing  this  line, 
but  I  have  not  heard  of  any  actual  runs  being  made  on  it.  This  pressure 
will  be  employed  in  one  motor,  while  another  motor,  carried  on  the 
car,  will  take  its  pressure  from  the  rotor  of  the  first,  which  will  there- 
fore, in  certain  cases,  be  employed  as  the  transformer.  If  any  favour- 
able results  are  obtained  from  this  line,  a  very  strong  case  will  be  made 
out  for  three-phase  traction  ;  but  until  we  hear  more  of  that,  I  submit 
that  the  general  applicability  of  three-phase  traction  must  be  regarded 
at  least  as  not  proven. 

Mr.  A.  P.  Trotter  :  I  was  surprised  during  last  week's  discussion  *'**•  Troiter. 
to  hear  gentlemen  talking  of  three-phase  traction  on  the  Central  London 
Railway.  Many  of  the  objections  to  such  practice  have  already  been 
given  by  previous  speakers.  Those  who  have  studied  the  practical 
working  of  the  London  railways,  the  City  and  South  London,  and  the 
City  and  Waterloo  lines,  must  see  the  importance  of  the  variation  of 
speed,  and  the  diagram  (Fig.  B)  given  by  Mr.  Field  undoubtedly  shows 
us  fairly  well  what  will  happen  on  the  Central  London  Railway. 
Advocates  of  the  three-phase  system  have  not  attempted  to  explain 
how  it  can  possibly  be  used  economically  upon  such  a  line  as  that. 
The  three-phase  system  on  the  Burgdorf-Thun  line  was  a  splendid 
and  most  interesting  piece  of  work,  but  economy  was  not  of  much 
importance  there,  as  we  know.  I  hope  that  those  who  are  recommend- 
ing us  to  adopt  the  three-phase  motors  for  such  purposes  will  suggest 
how  it  is  possible  to  compete  in  economy  of  working  with  continuous 
current. 

Mr.  Ferranti  has  spoken  about  the  compHcation  of  the  switching 
arrangements  in  ordinary  three-phase  station  work,  but  surely  the 
diagrams  which  we  have  seen  to-night  of  the  gearing  of  the  Jungfrau 
locomotive  show  the  serious  handicap  against  which  those  who  are 
using  alternating  current  have  to  struggle.  Of  course  there  are  great 
advantages,  as  we  have  heard  to-night,  for  rack  railways,  where  there  is 
'•  collar-work"  all  the  way  up  and  a  good,  safe  brake  coming  down ;  but 
it  does  seem  that  there  is  room  for  a  considerable  amount  of  simplifica- 
tion in  the  locomotives  and  switching  gear. 

Mr.  G.  L.  Addenbrooke  :  I   should   like  to  refer  to   two  points  J'»"-  ^ddcn 

broolcc. 

which  were  brought  forward  at  the  last  meeting,  one  by  Mr.  Swin- 
burne, especially  as  they  bear  on  some  remarks  of  Mr.  Ferranti's 
to-night.  Mr.  Swinburne  spoke  of  the  development  of  electricity  in 
Germany  and  Switzerland,  and  the  way  that  it  had  advanced  in 
comparison  with  this  country,  and  he  said  that  it  would  be  desirable 
to  know  something  more  about  the  way  in  which  the  finance  has  been 
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brookc!*''"'  worked  there.  It  is  a  curious  fact  that,  although  a  very  large  pro- 
portion of  the  lighting  in  Germany  is  done  with  capital  provided  by 
the  towns  themselves,  it  has  been  done  in  such  a  way  that  it  has 
actually  strengthened  very  much  the  electrical  profe'ssion  and  industry, 
whereas  in  this  country  it  has  been  done  in  such  a  way  that  the  reverse 
is  the  case.  The  work  in  Germany  has  been  very  largely  done  by  a 
town  first  arranging  to  carry  out  the  lighting,  and  then,  usually,  letting 
their  contract  to  one  large  firm  with  an  arrangement  for  running  the 
whole  for  a  series  of  years.  That  firm  has  then  obtained  financial  aid 
from  a  bank,  and  they  have  had  the  whole  thing  in  their  hands. 
That  method  of  doing  it  has  certainly  resulted  in  some  very  successful 
installations,  and  it  has  also  led  to  the  great  German  manufacturing 
companies  becoming  very  powerful,  and  succeeding  better  financially 
than  their  British  competitors.  The  consequence  has  been  that  they 
have  very  large  sums  of  money  at  their  disposal,  they  are  in  touch  with 
the  finance  of  the  country,  and  it  is  very  much  easier  to  get  electrical 
projects  of  all  sorts  carried  through  there  than  it  is  here,  quite  apart 
from  the  question  of  the  attitude  of  the  Legislature,  which  has,  without 
doubt,  in  this  country,  been  most  unfortunate.  There  may  be  some- 
thing done  to  remedy  that  later  on,  but  it  has  had  a  most  detrimental 
influence. 

Then  there  was  a  point  brought  forward  by  Mr.  Hammond.  When 
you  go  to  Switzerland  and  see  the  electrical  power  distribution  there, 
the  obvious  inference  is,  if  you  have  not  got  water-power  here  cannot 
we  do  the  same  thing  by  steam  ?  This,  however,  is  not  a  fair  inference 
to  draw,  as  the  conditions  are  not  absolutely  the  same.  In  Switzerland 
they  have  very  expensive  coal,  and  water-power  at  a  very  low  price,  or 
practically  for  nothing.  There,  if  they  are  to  have  power  at  all  it  is 
very  advantageous  for  them  to  utilise  their  water-power.  On  the 
other  hand,  in  England  we  have  cheap  coal  and  we  have  steam- 
engines.  Therefore  the  problem  is,  can  we  replace  steam-engines 
by  power  generated  in  a  central  station  ?  Those  two  problems 
are  different  problems,  and  if  you  do  not  want  to  have  a  financial 
wreck  it  is  very  important  to  distinguish  between  them.  It  is 
not,  as  Mr.  Hammond  put  it  on  the  last  occasion,  a  mere  question  of 
the  cost  of  coal,  for  this  comes  in  but  to  a  very  small  degree.  When  I 
was  working  out  the  figures  for  the  Midland  Electrical  Corporation  I 
went  to  a  friend  in  the  City  who  was  the  engineer  of  one  of  the 
steamship  companies,  and  I  asked  him  what  were  the  figures  now 
which  were  being  used  in  the  design  and  running  of  marine  engines. 
I  said  I  did  not  want  mere  test  figures,  but  the  sort  of  figures  they 
expected  to  get  on  ©rdinary  runs.  He  told  me  that  his  company  were 
then  building  five  steamers  in  one  contract,  and  they  were  built  on  a 
basis  that  they  should  use  1*4  lb.  of  Welsh  or  Newcastle  coal  per 
I.H.P.  hour  in  actual  running.  That  is  the  sort  of  figure  you  cannot 
very  well  get  behind.  Of  course,  if  power-stations  are  established  in 
this  country  they  will  employ  poorer  coal  than  that  and  use  rather 
more  of  it ;  but  still,  if  we  take  it  that  about  1,000  h.p.  hours  can  be 
got  out  of  one  ton  of  coal,  and  that  you  can  get  one  ton  of  coal  (except 
«^  at  the  present  tiro     when  coal  is  very  dear)  for  something  like  ^\e 
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Mr.  Ouster. 


shillings,    of  course  the   cost  of  coal  does  not  seriously  affect   the    Mr.  Addcn- 
question,  but    the    question  of    electrical    distribution  versus    steam 
locally  generated  is  very  largely  one  of  capital  cost. 

In  the  discussion  on  Mr.  Holliday's  paper  I  put  in  (see  page  85)  a 
table  of  the  actual  cost  of  steam  plant,  in  which  I  showed  that  the  cost 
of  a  50  h.p.  steam-engine,  complete  in  every  detail,  came  to  something 
like  £20  per  I. H.P.  If  you  put  up  a  large  central  station  with  dis- 
tributing mains  and  motors  to  do  the  work  of  that  steam-engine  you 
will  have  to  put  in  an  expenditure  of  £$0  or  £60  per  B.H.P.  of 
the  motor.  The  problem  is,  are  the  savings  you  can  get  in 
generating  steam  in  a  central  station,  and  under  better  conditions, 
such  as  to  justify  the  difference  in  capital  expenditure  between,  say, 
£20  per  I. H.P.  for  a  50  h.p.,  or  £1^  per  I. H.P.  for  a  100  h.p.  engine, 
Mnce  the  cost  comes  down  as  the  power  increases  ?  Are  the  conditions 
such  as  to  justify  that  extra  capital  expenditure  and  pay  interest  on  it  ? 
That  is  a  matter  which  requires  very  careful  consideration  in  any 
power  scheme. 

Mr.  L.  Gaster  :  If  I  rise  to  say  a  few  words,  it  is  only  as  an  old 
pupil  of  the  Zurich  Polytechnikum.  The  Report  of  the  Committee 
shows  the  enormous  progress  which  has  been  made,  and  I  should  like 
to  say  that  the  laboratories  in  the  Polytechnikum,  which  are  at  the 
disposal  of  the  students,  have  helped  very  greatly  to  develop  electrical 
engineering  and  the  industry  in  Switzerland.  If  you  consider  the  great 
advantage  the  Polytechnikum  derives  from  being  the  only  institution 
of  its  kind  in  Switzerland  and  from  having  a  grant  from  the  Govern- 
ment sufficiently  large  to  cover  more  than  three-quarters  of  the  total 
expenses,  you  will  readily  understand  how  easy  it  is  for  students  to 
have  cheap  education,  and  so  to  remain  for  the  three  or  four  years 
which  are  necessary  to  complete  their  training.  Hence  you  find  that 
the  Swiss  engineers  are  high-class  and  educated  men,  who  have  been 
taught  just  as  well  as  at  the  Universities,  and  have,  in  many  cases,  been 
able  to  obtain  the  Doctor's  degree  if  they  so  chose.  I  may  say  that 
the  labours  of  Professors  Weber,  Wyssling,  and  Stodola,  of  whose 
assistance  the  institution  has  the  advantage,  as  well  as  the  other  pro- 
fessors, have  helped  very  greatly  to  raise  the  status  of  Engineering 
Education  there. 

I  cannot  allow  this  occasion  to  pass  without  speaking  on  behalf 
of  my  Swiss  colleagues  of  the  Polytechnikum,  after  hearing  the 
way  in  which  you  have  thanked  us  for  the  hospitality  which  you 
enjoyed  when  you  came  to  Switzerland.  I  may  say  that  I  am 
fortunate  enough  to  live  amongst  you  in  England  and  to  enjoy  your 
hospitality,  and  I  am  sure  that  when  the  Swiss  come  over  to  England, 
they  will  find  the  English  as  they  are,  and  not  as  they  are  painted  by 
certain  Continental  journals.  They  will  find  also  quite  enough  work 
here  to  appreciate,  and  when  they  go  home  they  will  be  proud  to  have 
met  such  colleagues. 

Mr.  W.  M.-  MoRDEY  :  As  a  member  of  the  Swiss  Committee  I  am   Mr.  Mordey 
receiving  an  honour  that  I  am  not  entitled  to — practically  the  whole 
of  the  work  was  done  by  your  President,  assisted  by  his  very  able 
lieutenant,  Mr.  McMillan. 
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Mr.  Mordey.  We  shall  keep  for  study  many  details  of  practice  observed,  and  we 
shall  watch  with  very  great  interest  the  development  of  the  new  thin/^s 
we  saw  during  our  visit.  One  of  the  lessons  we  may  safely  learn  from 
that  visit  is,  as  I  said  speaking  on  one  of  the  occasions  when  we  met 
our  Swiss  hosts,  that  the  present  indications  incline  us  to  look  to 
Switzerland  rather  than  to  America  for  guidance  for  future  practice. 
Although  the  Americans  have  done  great  service  in  the  development  of 
electrical  engineering,  I  fear  they  are  settling  down  to  a  fixed  idea — 
that  they  have  one  duty  in  life,  viz.,  to  sell  what  happens  to  be 
American  standard  plant  at  the  time,  and  to  persuade  the  world  that 
it  is  standard  plant  for  all  time.  This  is  having  a  prejudicial  influence 
not  only  in  America,  but  here.  We  arc  preparing  to  meet  the  demand 
in  this  country  by  following  American  examples  rather  than  by  de- 
veloping what  the  Americans  would  themselves  no  doubt  like  to 
produce  if  they  could  start  with  a  free  hand.  Let  us  watch  these 
experiments  in  Switzerland,  and  wait  a  little  and  see  what  happens. 
My  own  feeling  is  that  a  great  deal  of  the  complicated  machinery  that 
is  now  being  put  in  for  transforming  purposes  will  be  swept  away.  As 
the  President  said  in  his  Address,  referring  to  direct-current  machinery, 
we  really  use  alternate  currents  in  the  motors  and  we  generate  them 
in  the  generators,  and  we  twice  commute  them  in  the  intermediate 
stages.  Surely  we  can  get  rid  of  these  intermediate  steps  and  make  direct 
use  of  alternate  currents. 

One  thing  I  was  struck  by  in  Switzerland ;  and  I  have  been  struck 
by  the  same  thing  in  Germany,  Austria,  or  Hungary.  The  men  who 
are  actually  controlling  the  works  and  the  businesses  are  practical  men, 
not  under  the  control  of  boards  of  directors  who  have  usually  no 
technical  knowledge  and  very  often  very  little  business  knowledge. 
It  has  been  asked  why  in  Germany  and  Switzerland  the  bankers 
support  the  manufacturers.  I  suggest  one  reason  is  that  the  financial 
people  have  confidence  in  engineering  work  controlled  by  such  practi- 
cal men — more  confidence  than  if  the  work  were  under  the  control  of 
men  whose  objects  are  very  often  entirely  different.  I  am  very  glad 
Mr.  Trotter  is  here  to-night,  for  in  Switzerland  we  saw  how  very  well 
they  got  on  with  the  minimum  of  control  by  the  authorities.  Another 
thing  struck  me  was  that  the  scientific  institutions  there  realised  that 
they  are  primarily  formed  for  the  purpose  of  helping  industry.  They 
do  not  say  :  "  You  must  not  come  anjrwhere  near  us  with  your  electrical 
tramways  because  you  will  disturb  our  measuring  instruments."  It  is 
not  very  long  ago  that  we  heard  in  London  of  strong  opposition  to  an 
underground  electric  railway  because  it  was  going  to  interfere  with  the 
experiments  in  a  certain  excellent  institution ;  as  if  the  importance  of 
such  work — and  I  do  not  deny  its  importance  and  usefulness — could 
for  one  moment  be  compared  with  the  necessity  for  lessening  the 
congestion  of  the  traffic  of  London.  I  never  heard  anything  at  Zurich 
about  people  wanting  double  wires  so  that  there  should  be  no  earth 
currents  to  disturb  the  work  at  the  famous  Pol)rtechnikum— they  are 

Professor       there  to  help  industry,  and  not  to  hinder  it. 

Perry.  Professor  Perry  :  They  could  shield  the  instruments  with  iron. 

Mr.  Mordey  ^^^    MoRDEY  :   Exactly.    The  first  use   scientific  people  ought  to 


Digitized  by  LjOOQ  IC 


1900.J 


DISCUSSION. 


257 


mate  of  their  knowledge  is  to  make  instruments  which  can  measure 
filings  in  this  world  where  electric  currents  and  magnetic  fields  arc 
heing  produced  in  every  centre  of  population. 

Professor  Perry  :  There  is  one  thing  you  cannot  shield,  viz.,  terres- 
trial magnetism.  If  you  did  that  you  would  be  shielding  the  thing  you 
wanted  to  measure. 

Mr.  MoRDEY  :  I  do  not  want  to  get  on  to  that  subject,  but  if  we 
must  measure  terrestrial  magnetism  in  this  country — and  I  have  no 
doubt  it  is  a  useful  thing  to  do — let  us  measure  it  where  it  is  terrestrial 
magnetism,  but  not  in  the  midst  of  a  vast  industrial  population  where  it 
is  mixed  with  all  sorts  of  magnetism  besides  terrestrial.     It  may  inter- 
fere with  the  continuity  and  the  uniformity  of  records  and  experiments 
to  move  the  apparatus  away  from  Greenwich  or  Kew  to  the  highlands 
of  Perthshire  or  somewhere  like  that,  but  I  suspect  the  real  objection  is 
that  it  would  move  the  observers  away  too.     In  another  way  the  manu- 
facturers in  Switzerland  seem  to  work  under  no  restriction,  they  have 
not  consulting  engineers — at  least  if  they  have  they  are  tame  ones. 
They  specify,   if   they  specify  at  all,  what  they  can  get  easily  and 
cheaply.    They  do  not  specify  all  sorts  of  conditions.    Therefore  it  is 
that  Swiss  manufacturers  make  things  with  very  much  greater  freedom 
as  to  design  than  is  possible  in  this  country.     I  should  like  to  say  one 
word  about  the  Central  London  Railway.    Something  has  been  said 
casting  a  reflection  upon  the  engineers  of  that  line.     If  any  of  us  had 
been  in  the  proud  position  of  those  engineers,  I  think  we  should  have 
done    most  of  the   things  they  have  done.     They  had  to   put  some- 
thing down  which   they  knew  would   work — they  could   not  make 
experiments.     People  talk  as  if  the  engineers,  ought  to  have  put  down 
an  alternating  system.     But  you  must  remember  that  the  Burgdorf- 
Thun  line  was  only  started  a  few  months  ago,  whereas  the  Central 
London  was  thought  out  years  ago.     They  put  down  alternate-current 
generators,  and  if  they  find  later  on  that  they  can  sweep  away  all  that 
complication  of  transformers  and  take  their  alternating  current  direct 
to  their  motors,  at  any  rate  they  have  an  alternating  current  there  to 
start  with. 

In  conclusion,  I  wish  to  reiterate  on  behalf  of  the  Committee,  and 
I  am  sure  on  behalf  of  the  whole  Institution,  our  very  grateful  thanks 
to  our  Swiss  hosts  and  fellow  engineers  for  the  very  splendid  way  they 
received  us,  and  for  the  very  good  time  they  gave  us  generally.  I 
would  add  one  reason  why  we  should  repeat  these  foreign  visits,  the 
reason  something  like  one  given  by  Cowper — 

"  How  much  a  fool  who's  been  to  Rome. 
Excels  a  fool  who  stops  at  home." 

How  much  more  therefore,  etc.  !    Q.  E,  D. 


Mr.  Mordey. 


Professor 
Perry. 


Mr.  Mordey. 
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AN      ELECTROLYTIC     CENTRIFUGAL      PROCESS 
FOR  THE  PRODUCTION  OF  COPPER  TUBES. 

By  Sherard  Cowper-Coles,  Member. 
Introduction. 
The  electro-deposition  of  copper  is  now  carried  on  in 
many  large  engineering  works  for  the  coating  of  hydraulic 
rams,  barrels  of  guns,  shell  and  shot,  and  is  extensively  em- 
ployed in  the  manufacture  of  tubes  and  sheets,  and  for  the 
production  of  large  copper  vessels ;  most  of  the  copper  used 
by  electrical  engineers  is  refined  electrolytically.  Over  one- 
third  of  the  total  copper  output  of  the  world  is  now  electro- 
lytically refined.  It  is  difficult  to  obtain  exact  figures,  as 
the  copper  returns  for  various  countries  do  not  distinguish 
between  raw  and  electrolytic  copper  ;  but  it  is  estimated 
that  one-half  of  the  copper  produced  in  the  United  States 
in  1897  ^^'^^  electrolytically  refined,  and  in  1898  the  pro- 
portion was  slightly  over  that  amount.  The  demand  for 
electrolytic  copper  is  on  the  increase,  and  the  capacity  of 
most  of  the  electrolytic  refining  works  has  been  or  is  being 
increased. 

Progress  and  Extent  of  the  Electrolytic  Copper 
Refining  Industry. 

The  following  figures  published  in  Industries  and  Iron 
show  the  rapid  growth  of  electrolytic  refineries.  The  world's 
total  output  of  electrolytic  copper  15  to  20  years  ago, 
did  not  exceed  10  to  15  tons  a  week.  In  1881  to  1882 
this  amount  was  probably  increased  to  about  60  tons  as 
the  result  of  the  refineries  erected  in  Swansea.  During  the 
next  four  or  five  years  several  of  the  American  refineries  got 
to  work,  and  by  this  time,  say  1888  to  1890,  the  world's  total 
production  was  probably  not  more  than  280  to  300  tons  per 
week.  Since  that  date,  up  to  the  present  time,  many  re- 
fineries of  gigantic  size  have  come  into  existence,  not  only 
in  America,  but  in  England,  France,  Germany,  and  even 
japan,  and  it  is  quite  safe  to  estimate  the  world's  production 
at  the  present  moment  at  no  less  than  500  tons  per  day,  or 
about  180,000  tons  of  electrolytic  copper  per  annum,  and 
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during  the  refining  of  this  quantity  of  metal  there  are 
not  less  than  20,000,000  ounces  of  silver  and  100,000  ounces 
of  gold  recovered.  When  these  weights  are  converted  into 
money  \^lue,  the  following  astonishing  figures  are  obtained: — 


Annual  Copper  value 
„       Silver        „ 
„       Gold  ,, 


;^9,ooo,ooo 

^'2,500,000 

;£400,ooo 


or  in  round  numbers,  a  total  value  of  ;^i  2,000,000  sterling. 
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CfRVE  I. — Curves  showing  the  Effect  of  Free  Sulphuric  Acid  on  the 
Voltage  in  Hot  and  Cold  Solutions  of  Copper  Sulphate. 


This  startling  result  has  been  achieved  in  a  maximum  of 
twenty-five  to  thirty  years  :  this  industry  has  had  a  growth 
probably  unparalleled  in  the  history  of  commercial  enter- 
prise. 

Increase  of  Current  Density  in  Copper  Refineries. 

It  has  been  the  object  of  those  engaged  in  the  electro- 
lytic refining  of  copper  to  increase  the  current  density  as 
much  as  possible,  so  as  to  get  a  larger  output  per  vat.  A 
considerable  increase  of  current  has  been  effected  of  late 
years  by  attention  to  details,  such  as — 
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1.  Proper  circulation  of  the  electrolyte, 

2.  The  purity  of  the  electrolyte. 

3.  The  chemical  composition  of  the  electrolyte. 

4.  The  arrangement  of  the  electrodes. 

In  a  review  of  the  position  of  the  electro-copper  refining 
industry  by  Mr.  Titus  Ulke,  he  mentions  that  it  was  not  at  all 
uncommon  ten  years  ago  for  the  copper  refiners  to  stock 
their  tanks  with  75  to  100  times  as  much  copper  as  was 
daily  produced  in  everyday  work.  This  enormous  disparity 
has  been  gradually  reduced,  so  that  to-day  only  one-fourth  to 
one-fifth  of  that  amount  is  required,  or  an  average  of  fifteen 
to  twenty  tons  per  ton  of  output.  He  attributes  the  cause  of 
this  marked  improvement  to  the  method  of  handling  the 
baths,  and  especially  to  the  higher  current  densities  now 
made  practicable.  Whereas  formerly,  currents  of  only  two 
to  four  amperes  per  square  foot  were  thought  permissible, 
to-day  current  densities  of  from  fifteen  to  twenty  amperes 
are  said  to  be  employed  in  some  establishments,  and  the  end 
is  not  yet  in  sight.  The  conclusion  arrived  at  by  Mr.  Ulke 
is  that  the  average  proportion  between  the  total  copper  in 
process  of  treatment,  and  the  yearly  capacity  (measured  by 
output)  in  our  electrolytic  copper  works,  is  now  about  4  per 
cent,  as  against  two  or  three  times  that  amount  formerly, 
and  that  the  average  proportion  is  likely  to  diminish  still 
more  within  the  next  year  or  two. 

Description  of  Various  Methods  for  Improving  the 
Physical  Properties  of  Electro-deposited  Copper. 

One  of  the  best-known  electrolytic  processes  for  the 
manufacture  of  tubes  is  that  in  which  an  agate  burnisher  is 
used  for  consolidating  the  deposit  during  electro-deposition. 
This  process  has  met  with  considerable  success,  the  chief 
drawback  being  the  tendency  of  the  copper  to  laminate  or 
exfoliate  where  the  burnisher  has  been  at  work,  the  pressure 
on  the  burnisher  requiring  to  be  regulated  to  a  great  nicety. 
Elmore  has  sought  to  build  up  electro-deposited  tubes  equal 
to  drawn  ones  by  causing  a  burnisher  to  constantly  traverse 
the  length  of  the  tubes  backwards  and  forwards,  as  they  slowly 
rotate  in  the  bath,  and  so  obtain  a  copper  possessing  a  high 
density.     The  current  density  originally  employed  for  this 
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process  was  about  sixteen  amperes  per  square  foot,  but  this 
the  author  believes  has  been  considerably  increased.  Copper 
deposited  by  the  Elmore  process  has  stood  a  stress  of  265 
tons  per  square  inch^  with  an  extension  of  i6'5  per  cent.,  the 
limit  of  elasticity  being  reached  with  a  load  of  23*3  tons  per 
square  inch,  the  specific  gravity  of  the  metal  being  as  high 
as  9-2.  Von  Hiibl  has  succeeded  in  producing,  by  simple 
deposition  without  the  aid  of  a  burnisher,  a  specimen  of 
copper  which  broke  at  a  stress  of  23*6  tons  ;  commercial 
cast  copper  breaks  at  about  8*4  tons  pei'  square  inch. 
Another   process,  that  is  now   being  operated  on   a    large 
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I . ^ "^ 
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o  ifioo  2,000  sooo  ConcenCnxted 

Oz3,  per  ^dUon  free  SuLphunc  Acid  in  ^oLution. 

Percentage  =  86'2  9259  94*93  

Curve  2. — Curve  showing  the  Sohibility  of  Copper  in  Sulphuric  Acid. 

commercial  scale,  substitutes  a  sheepskin  burnisher  for  an 
agate  one,  smooth  deposits  being  obtained  by  the  application 
of  an  insulating  coating  to  the  inequalities  on  the  surface. 
The  sheepskin  impregnators,  which  move  over  the  surface 
of  the  metal,  coat  all  projecting  parts  with  a  thin  film  of 
animal  fat,  which  hinders  further  deposition  until  the  sur- 
rounding ^Repressions  have  been  raised  to  the  common 
level.  In  later  patents  impregnators  are  mentioned  com- 
posed of  organic  gelatinous  or  albuminous  matter  free  from 
excess  of  grease,  rendered  insoluble  by  treatment  with 
bichromate,  or  the  softening  of  the  albuminous  or  gelatinous 
constituents  of   the  impregnators   is  prevented  by  soaking 
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them  with  a  solution  of  formic-aldehyde  (within  the  limits 
of  ID  per  cent,  and  40  per  cent.),  after  which  it  is  washed 
in  water  to  remove  the  aldehyde,  or  this  substance  is 
neutralised  or  decomposed  by  means  of  sulphuric  acid. 
It  is  claimed  for  impregnators  so  treated  that  they  may  be 
employed  with  equal  facility  in  a  hot  or  cold  bath.  The 
current  used  is  from  35  to  40  amperes  per  square  foot  of 
cathode  area,  the  voltage  required  is  about  1*6  per  vat. 
Tubes  are  deposited  12  feet  in  length  and  16-inch  diameter, 
and  J  thick ;  these  are  longitudinally  cut  and  opened  to 
form  sheets.  Several  investigators  have  patented  methods 
to  improve  the  physical  properties  of  electro-deposited 
copper  by  injecting  the  electrolyte  on  to  the  copper  during 
deposition.  Craydon  Poore  has  devised  a  method  for  pro- 
ducing plates  by  projecting  the  electrolyte  forcibly  on  to  a 
cathode  placed  in  a  horizontal  position. 

Centrifugal  Copper  Process. 

The  author  has  lately  developed  a  centrifugal  process, 
which  is  now  being  worked  on  a  practical  scale,  for  copper 
refining  and  the  manufacture  of  copper  tubes,  sheet  and 
wire  by  electro-deposition,  which  does  away  with  the 
troubles  of  lamination  and  enables  a  much  higher  current 
density  to  be  used  than  has  hitherto  been  the  case,  smooth 
tubes  having  been  produced  12  inches  in  diameter  at  the 
remarkably  high  current  density  of  200  amperes  per  square 
foot,  the  voltage  being  from  '5  to  7.  Solid  drawn  copper 
tubes  of  such  diameters  cost  about  three  times  the  price  of 
tough  copper  cake.  The  centrifugal  process  is  distinct  from 
those  already  referred  to,  inasmuch  as  there  are  no  burnish- 
ing tools  employed,  but  the  cathode  on  which  the  copper  is 
deposited  is  revolved  at  a  high  rate  of  speed,  the  result 
being  that  the  skin  friction,  between  the  deposited  metal  and 
the  electrolyte,  keeps  the  copper  beautifully  smooth  and 
compact.  Any  gas  bubbles  evolved  at  the  cathode,  or  im- 
purities in  mechanical  suspension  in  the  electr<)lyte  which 
would  have  a  tendency  to  settle  on  the  cathode,  are  thrown 
off  by  centrifugal  force.  Mr.  J.  W.  Swan  has  found  that 
regularity  and  smoothness  of  deposit  were  almost  entirely 
dependent  on  the  absence  of  solid  particles  held  in  suspen- 
sion in  the  electrolyte,  and  that  excrescences  could  be  en- 
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Curve  3. — Curve  showing  the  effect  of  Temperature  on  the  Resistance  of 
a  Solution  containing  i  gallon  of  Water,  2  lbs.  of  Copper  Sulphate,  and 
60  ozs.  of  Free  Sulphuric  Acid. 
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tirely  avoided  by  taking  care  tliat  the  electrolyte  was  free 
from  solid  floating  particles.  He  observed  that  at  the  seat  of 
eacli  "  nodule  "  was  a  speck  of  some  foreign  substance.  Dr. 
G.  Gore  has  given  the  matter  some  thought,  and  has  observed 
that  the  greatest  length  of  "  nodule  "  is  in  the  direction  of 
the  greatest  intensity  of  current  and  amount  of  copper  in 
solution.  The  centrifugal  action  is  clearly  illustrated  by 
the  following  photographs.  Fig.  i  shows  the  cathode 
mandrel  stationary.  Fig.  2  shows  the  mandrel  directly 
after  it  has  started  to  revolve ;  the  gas  is  distinctly  seen 
being  thrown  off  by  centrifugal  force.  Fig.  3  shows 
the  mandrel  after  it  has  been  revolving  for  five  minutes. 
The  photographs  also  show  the  heavier  solution  or  anolyte 
descending  from  the  anode.  On  the  table  are  a  number  of 
specimens  of  tubes  and  sheets  produced  by  this  process,  some 
at  a  current  density  of  200  amperes  per  square  foot,  which 
were  deposited  from  Solutions  of  approximately  the  follow- 
ing composition  ;  the  copper  anodes  containing  about  30 
ounces  of  silver  to  the  ton  : — 

O/s.  per  gal.      Percentaf;e. 

Copper  Sulphate  (CiiS045H30)         22*44  10*95 

Sulphuric  Acid  (H2SO4)         22*34  10*90 

Ferrous  Sulphate  (FeSOJ      *o5  *02 

Water i6o*oo  78*13 


The  following  series  of  photomicrographs  show  the  results 
obtained  with  rapidly  revolving  and  stationary  cathodes,  all 
other  conditions  being  the  same  : — 
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Fig.  14.    Copper  crystals  from  a  voltaic  cell. 

The  apparatus  employed  for  the  centrifugal  process  con- 
sists of  a  wooden  vat  "A"  Figs.  15  and  16,  in  which  are 
placed  anodes  composed  of  crude  copper.     The  cathode  is 
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a  hollow  mandrel  "  B  "  made  of  brass,  which  is  supported 
on  a  revolving  shaft  "  C."  The  shaft  is  brought  through  the 
bottom  of  the  vat  to  the  top  of  the  cell,  and  is  protected 
from  the  acid  copper  sulphate  solution  by  a  lead-cased 
wrought-iron  column.  The  shaft  is  caused  to  revolve  by 
gearing  placed  beneath  the  depositing  cell,  the  speed  varying 
with  the  size  of  the  mandrel  employed.  The  mandrel  at 
one  end  is  fitted  with  an  eye  bolt "  D  "  for  lifting  purposes, 
and  a  circular  brass  casting  "  E,"  against  which  the  contact 
brushes  "F"  rub  for  collecting  the  negative  current.  The 
brushes  are  fitted  to  arms  "  G,"  which  are  made  to  turn  back 
to  allow  of  the  easy  withdrawal  and  insertion  of  the  man- 
drel. "  H  "  is  a  baffle  plate  made  of  an  insulating  material, 
placed  at  the  bottom  of  the  mandrel  to  prevent  the  forma- 
tion of  copper  "  trees "  or  ''nodules";  figures  17  and  18 
show  the  "trees"  and  "nodules"  which  have  a  tendency 
to  form  if  a  baffle  plate  is  not  used.  The  electrolyte  is 
briskly  circulated  through  the  cells  by  means  of  an  acid 
proof  pump,  the  solution  being  forced  or  pumped  to  a 
reservoir,  where  it  passes  through  a  filter  to  rid  it  of  all  im- 
purities in  suspension.  When  it  is  desired  to  obtain  a  sheet 
of  copper,  the  tube,  after  being  removed  from  the  mandrel, 
is  cut,  flattened  out,  and  annealed ;  when  a  wire,  a  piece  of 
insulating  material  is  wound  round  the  mandrel  in  the  form 
of  a  spiral,  and  copper  deposited  between  the  threads  until 
the  thickness  of  copper  is  equal  to  the  distance  between  the 
threads,  the  spiral  is  then  removed,  and  after  annealing  is 
drawn  out  in  the  usual  manner.  The  mandrel  is  given  a 
small  taper,  and  is  slightly  greased  to  facilitate  the  removal  of 
the  tubes.  Figs.  19  and  20  show  a  modified  arrangement  for 
driving  the  mandrel  above,  instead  of  from  below.  Another 
interesting  feature  of  the  centrifugal  process  is  that  it  enables 
a  hot  and  more  acid  solution  to  be  used  than  is  generally 
employed.  Figs.  4  and  5  are  photographs  of  two  copper 
deposits.  All  the  conditions  are  similar  witli  the  exception 
that  the  mandrels  were  revolved  at  different  speeds.  No.  4 
was  revolved  at  about  30  revolutions  per  minute  ;  No.  5 
at  1,000.  In  the  first  case  copper  came  down  as  a  loose 
mud,  so  the  photograph  shows  the  deposit  on  the  mandrel. 
In  the  second  case  the  copper  came  down  smooth  and 
bright,  and  was  expanded  off  the  mandrel  as  a  perfect 
tube.     The  current   density  was   170  amperes  per  square 
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foot  and  the  temperature  i6o°  Fahr.     The  electrolyte  was 
of  the  following  composition  : — 


Copper  Sulphate 
Sulphuric  Acid 
Water 


02S.  per  gal.  Percentage. 
...      30  12 

...      60  24 

...      -  64 


The  amount  of  free  acid  has  a  very  marked  effect  upon 
the  voltage  required,  but  a  very  small  effect  upon  the 
actual  weight  of  copper  obtained,  compared  with  the  theo- 
retical weight,  as  shown  by  the  following  table  and  Curve  i  ; 
the  amount  of  copper  sulphate  was  32  ounces  per  gallon  of 
water  =  i6*66  per  cent. 


TABLE   L 


Xo. 


3 
4 
5 
6 

7 
8 

9 


Current 
Dcnsitv. 


TOO 
100 
100 
100 
100 
100 
100 
100 
100 


Solution,  Cold. 


VolLigc. 

25 
2*0 

1-8 

2*2 

80 
I2'0 
14*0 
20'0 


Oz&of 
H^04 

Eer  gallon 
y  weight. 


O 

6 

8 

10 

25 

30 

40 

60 

100 


Percentage  of 
I  Free  Acid  by 
I       weight. 


•o 

303 
4-00 

4'95 
11-52 

1351 
17-24 
23-81 
34'24 


Peripheral  | 

speed.  , 

Feet  per 

minute.  | 


471 
471 
523 
471 
523 
523 
471 
523 
628 


The  solution  was  circulated  at  such  a  rate  that  it 
was  renewed  in  the  depositing  cell  every  five  minutes. 
The  above  table  shows  the  advantage  of  increasing  the 
acidity  of  the  solution  up  to  a  certain  point,  and  the  dis- 
advantage of  increasing  it  beyond  that  point ;  the  critical 
point  seems  to  be  about  15  ounces  of  free  sulphuric  acid  per 
gallon,  =  7*  24  per  cent.     The   rise  of  voltage   in  a    cold 
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solution  is  explained  by  the  fact  that  the  addition  of 
sulphuric  acid  to  a  copper  sulphate  solution  causes  the 
copper  sulphate  to  crystallise  out ;  this  takes  place  on  the 
electrodes,  and  largely  increases  the  resistance.  It  has  been 
shown  that  a  saturated  copper  sulphate  solution  is  the  best 
conductor  ;  and  that  a  25  per  cent,  solution  of  sulphuric 
acid  offers  the  best  resistance.  With  too  much  acid 
polarisation  ensues  from  its  own  decomposition  by  the 
action  of  the  current.  The  latter  trouble  is  said  to  set  in 
when  the  copper  sulphate  solution  has  reached  an  acidity  of 
about  13  per  cent.  ;  these  remarks  apply  to  stationary  anodes. 
Table  2  and  Curve  i  give  the  voltage  required  when 
depositing  at  100  amperes  per  square  foot  from  a  solution 
containing  32  ounces  copper  sulphate  per  gallon,  =  i6*66 
per  cent.,  the  temperature  being  i6ooFahr.,  various  amounts 
of  free  acid  being  used,  with  anodes  of  commercial  copper. 

TABLE   II. 


Xo. 

Current. 
Density 

100 

Voltage. 

0Z9.  of 

per  gallon 
by  weight. 

Percentage  of 

Free  Acid  by 

weight. 

Peripheral 
speed. 

Feet  per 
minute. 

I 

35 

0 

0 

500 

2 

100 

i'3 

10 

4-95 

500 

3 

100 

09 

20 

943 

500 

4 

100 

0-8 

30 

13-51 

500 

5 

100 

075 

40 

17-24 

500 

6 

100 

075 

50 

20-66 

500 

1    7 

100 

07 

60 

23-81 

500 

8 

100 

07 

1 

100 

3424 

500 

The  solution  in  this  experiment  was  not  circulated. 
Comparing  this  table  with  No.  I.  the  advantage  of  using 
a  hot  solution  is  shown,  also  the  advantage  of  increasing 
the  acidity. 

Table  III.  gives  the  variation  of  current  and  voltage  due 
to  increasing  the  temperature  of  the  electrolyte. 
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TABLE    in. 

Amperes.         '  Volls.  Temperature  of  Scjlutioii 


0-55        1 

1 

80 

60" 

Fahr. 

1 
400 

70 

70° 

M 

800 

50          1 

j 

75^ 

M 

'                       1 
1000        1 

1 

4-0     ; 

78" 

M 

1 

1        1400        1 

ro          1 

82' 

»» 

1 
1600 

10 

90" 

M 

1600       ! 

0-85               1 

lOG" 

M 

!              1600 

1 

o-8o 

120° 

17 

1                                         1 
l6'CXD 

1 
075 

140" 

i6-oo 

1 

070        1 

180° 

1 

i6-oo 

070 

200° 

1 
'>                                        1 

This  table  shows  how  a  hot  solution  allows  a  heavier 
current  to  pass  at  a  much  lower  voltage ;  150°  Fahr.  is 
probably  the  most  economical  temperature  to  work  at.  The 
curve  on  the  diagram  was  arrived  at  by  dividing  the  E.M.F. 
by  the  current,  giving  the  resistance  in  ohms. 

It  is  well  known  that  from  a  neutral  or  slightly  basic 
solution  copper  comes  down  in  a  coarse-grained  brittle 
condition,  whereas  the  amount  of  free  acid  has  a  very 
marked  effect  on  the  voltage,  as  is  shown  by  Table  II.- 
This  may  be  due  to  the  production  of  a  small  amount  of 
cuprous  acidi  from  a  neutral  or  basic  solution,  or  to  the 
influence  of»a  large  percentage  of  free  acid  on  the  mode  of 
crystallisationjof  the  metal. 

Von  Hiibl  has  observed  that  the  dark  coloured  spongy 
deposits  produced  by  too  high  a  current  density  occur  the 
more  readily  the  poorer  the  electrolyte  round  the  cathode  is  in 
copper.  According  to  the  same  authority  this  dark  deposit 
is  not  due  to  the  presence  of  cuprous  oxide,  but  to  the 
formation  of  a  hydride.  Hydrogen  may  under  certain 
circumstances  be  occluded   by  electrolytic  copper,  which 
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has  been  proved  by  the  analyses  which  have  been  made  of 
the  gas  pumped  out  of  various  specimens  of  the  metal. 
Thus,  a  certain  sample  gave  up  4*4  times  its  volume  of  gas, 
consisting  of  77*3  per  cent,  of  hydrogen,  8*4  per  cent,  of 
carbon  monoxide,  iii  per  cent,  of  carbon  dioxide,  and  3*2 
per  cent,  of  water  vapour.  Foerster  &  Licdel  have  studied 
the  influence  of  temperature  on  the   character  of  copper 


Fig.  16. 


deposited  from  acid  solutions.  The  experiments  were  not 
very  conclusive,  but  they  tend  to  show  that  tougher  copper 
is  obtained  with  hot  solutions  than  with  cold.  The  experi- 
ments of  Foerster  &  Liedel  also  show  that  the  precipitation 
of  brownish  red  powdery  copper  is  connected  with  a  certain 
low  concentration  of  the  copper  ions  in  solution.  Owing 
to  the  rapid  revolving  of   the   cathode  in  the  centrifugal 
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Fig.  18. 
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process,  the  solution  is  kept  well  mixed,  so  the  difficulty 
of  having  the  solution  poor  in  metal  round  the  cathode  is 
overcome. 

The  experiments  on  the  loss  of  copper  by  corrosion  with 
a  revolving  mandrel  are  not  very  reliable,  but  there  is  no 
apparent  reason  why  the  loss  should  differ  from  that  with  a 
stationary  mandrel.  If  the  solution  is  kept  thoroughly 
saturated  with  copper  sulphate,  the  corrosion  ought  not  to 
be  more  than  a  very  small  percentage  of  the  total  copper 
deposited.  This  loss  might  be  reduced  by  using  a  higher 
current  density ;  for  instance,  if  the  current  is  doubled  the 
percentage  loss  will  be  halved. 


On  the  Loss  of  Copper  by  Corrosion. 

TABLE   IV. 


No. 

Current 
Density. 

Ozs.  of  Free 

HaSO. 

by  weight. 

lO 

Per  cent,  of 
by  weight. 

4'95 

Loss  on 
Cathode 
per  cent. 

Loss  on 
Anode 
per  cent.      1 

75 

I 

25 

30 

2 

25 

20 

9*43 

27 

81 

3 

25 

30 

13-51 

2-8 

71 

4 

25 

40 

17-24 

2-2 

67 

5 

25 

60 

23*81 

1-8 

S'l 

6 

25 

100 

34'24 

2"S 

67 

In  these  experiments  (run  in  series)  the  time,  temperature 
(1600  Fahr.)  and  current  were  kept  the  same.  The  greater 
loss  at  the  anode  is  accounted  for  by  the  fact  that  the 
anodes  were  all  much  larger  than  the  cathodes,  and  there- 
fore a  greater  surface  was  exposed  to  the  action  of  the 
hot  acid. 

Table  V.  and  Curve  2  show  the  solubility  of  copper 
foil  in  sulphuric  j^cid ; — 


VOL.   XXIX. 


18 
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TABLE   V. 


No. 

Percentage  of  HaS04 
per  gallon  by  weight. 

Ijoss  per  cent. 
Hot  solution. 

I 

O 

O 

2 

3'03 

o'9 

3 

5-88 

0-5 

4 

34*44 

0*49 

5 

7575 

0-4 

6 

86-20 

0-27 

7 

92-59 

07 

8 

Concentrated  Acid 

107 

From  this  table  the  solubility  of  the  copper  in  dilute 
Sulphuric  acid  appears  to  be  greatest  at  3  per  cent.,  and 
gradually  falls  until  about  90  per  cent.,  a  greater  increase 
taking  place  when  concentrated  acid  is  used. 

The  following  table  shows  a  steady  decrease  in  the  solu- 
bility of  copper  in  sulphuric  acid  from  10  per  cent,  to  50 
per  cent.,  the  copper  foil  being  immersed  in  the  hot  for 
three  hours  and  in  the  cold  solution  for  fifteen  hours. 


TABLE  VL 


No. 

Ozs.  of  HaS04 

per  gallon  by 

weight. 

Per  cent,  of  HjSO* 
by  weight. 

Loss  per  cent,  hot 
solution, 
three  hours. 

Loss  per  cent  cold 

solution. 

6fteen  hours. 

I 

10 

5-88 

1-27 

0'2l8 

2 

20 

iiii 

1-17 

0180 

3 

30 

IS79 

114 

0145 

4 

40 

3O-0O 

0-85 

014s 

5 

60 

2727 

074 

0*1 1 

6 

100 

3846 

o'6q 

0-97 
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Fig.  19. 


Fig.  20. 
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Anode    Sludge. 

As  already  mentioned,  a  very  high  current  density  can 
be  used  with  the  centrifugal  process,  and  smooth  deposits 
can  be  obtained  with  a  current  density  of  even  200 
amperes  per  square  foot.  This  is  a  matter  of  great  import- 
ance, as  in  copper  refining  with  high  current  densities  less 
anode  sludge  is  formed.  It  has  been  observed  by  Foerster 
&  Liedel  that  when  a  high  current  density  and  a  high 
temperature  are  used  there  is  far  less  sludge  formed  on  the 
anodes.  With  a  current  density  of  0*3  ampere  per  square 
decimetre  at  the  ordinary  temperature,  a  weight  of  0*5  kg.  of 
anode  copper  consumed  left  37  grms.  of  sludge,  containing 
60  to  70  per  cent,  of  copper,  partly  as  cuprous  oxide.  Under 
the  same  conditions,  but  working  at  40°  C.  the  sludge  was 
only  1*2  grms.,  and  was  nearly  free  from  copper.  With  a 
higher  current  density,  viz.,  i  ampere  per  square  decimetre, 
the  quantity  of  anode  sludge  was  about  the  same,  at  20°  C, 
and  40°  C,  viz.,  2*5  grms.  from  i  kg.  of  copper.  These 
results,  although  far  from  exhaustive,  go  to  show  that  the 
high  current  densities  used  in  modern  copper  refining  have 
the  incidental  advantage  of  reducing  the  quantity  of  anode 
sludge,  and  thus  making  the  working  up  for  silver  and  gold 
easier  and  more  economical.  A  yet  higher  temperature, 
viz.  600C.,  increases  the  quantity  of  sludge ;  a  good  deal  of 
the  increase  is  due  to  the  presence  of  metallic  copper,  which 
may  be  regarded  as  having  been  formed  during  the 
spontaneous  resolution  of  cuprous  sulphate,  momentarily 
produced  at  the  anode,  thus  : — 

CuaS04CuS04Cu 

Gold  is  not  dissolved  from  the  anode,  and  silver  only  to 
a  small  extent,  and  selenium  and  tellurium  not  to  any 
appreciable  extent  when  present  in  small  quantities. 

Arsenic  is  found  to  be  most  readily  soluble,  and  bismuth 
least  soluble,  amongst"  the  impurities  in  the  anodes.  Accord- 
ing to  Dr.  Borchers,  the  mud  or  slime  deposited  on  the 
anode  may  contain,  after  drying,  gold,  platinum,  silver, 
silver  sulphide,  cuprous  oxide  and  sulphide,  basic  sulphates 
of  bismuth,  tin  and  antimony,  antimonic  acid,  arseniate  of 
copper,  and  other  arseniates  and  antimoniates,  lead  sulphate 
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and  slag  constituents  in  which  may  be  iron,  lime,  magnesia, 
and  silica,  and  with  these  there  will  also  be  a  certain  amount 
of  metallic  copper  in  a  pulverulent  state.  If  the  anode  con- 
tains too  high  a  percentage  of  impurity,  it  leads  to  several 
practical  difficulties  such  as  the  periodical  scrubbing  of  the 
anodes.  Some  of  the  impurities  found  in  electrolytic  copper 
are  electrolytically  deposited  from  the  electrolyte,  and  others 
are  mechanically  thrown  down.  Centrifugal  action  seems 
to  prevent  any  matter  in  suspension  settling  on  the  rapidly 
revolving  cathode.  E.  Roller  has  communicated  some 
interesting  figures  to  the  Journal  of  the  Chemical  Society. 
He  found  that  the  average  composition  of  the  vat  deposit 
obtained  (i.)  during  a  year's  treatment  of  reverbatory,  and 
(ii.)  from  three  months'  treatment  of  converted  copper,  are 
as  follows,  exclusive  of  oxygen  and  combined  water  : — 


(I.) 

*er  cen 

t. 

53-894  [0-3064] 

0*296 

... 

II-OI 

[0-00Q3] 

OQI 

[00093] 

3*93 

[0-0320] 

625 

[0-0651] 

211 

[0-0586]     ... 

0-39  i 
117) 

[0-0098]  l--- 

5-27 

... 

236 

... 

(II.) 

Per  cent. 

55-15 
0198 
13-82 

[0-3076] 

207 

•0-34 
244 

109 

[0-0035] 
[0*0510] 
[o*oi8o] 

072 
089 
o-8o 

IO-68 

2  60 

Ag.  . 
Au.  . 
Cu.  . 
Pb.  . 
Bi.  . 
Sb.  .. 
As.  .. 
Se.  .. 
Te.  .. 
Fe.  .. 
SO4.. 
H,0 


The  numbers  in  square  brackets  represent  the  percentages 
of  the  various  elements  in  the  unrefined  copper,  and  show 
therefore  the  nature  and  the  extent  of  the  refining  effected 
by  electrolysis.  From  these  numbers  it  will  be  found  that 
the  whole  of  the  silver,  gold,  selenium,  and  tellurium  remain 
in  the  residue  ;  whilst,  of  the  other  elements,  there  are  left  in 
the  slime,  in  the  two  cases  respectively  : — 

Cu.,  0-07,  o-o8  ;   Bi.,  78*22,  6071 ;  Sb.,  61-14,  29-90 ; 
and  As.  22*90,  37*84  per  cent. 
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Physical  Properties  of  Electro-deposited  Copper. 

Copper  prepared  by  electrolysis  may  have  as  low  a  density 
as  8'oo  ;  the  figure  for  normal  copper  is  8*9.  Hard  rolling, 
cold  hammering,  and  hard  drawing  increase  the  tensile 
strength,  and  limit  the  elasticity  of  copper  considerably. 
The  extensibility  of  annealed  copper  becomes  less  at  high 
temperatures,  and  that  of  mechanically  worked  copper  be- 
comes higher.  Some  copper  sheet  (not  annealed)  deposited 
by  the  centrifugal  process,  '0245  of  an  inch  in  thickness, 
broke  at  433  lbs.,  which  is  equal  to  22*1  tons  per  square 
inch.  Hard-drawn  wire  made  by  this  process  has  a  tensile 
strength  of  29  tons  per  square  inch,  annealed  20  tons,  the 
electrical  conductivity  being  99  per  cent.  The  author  has 
obtained  excellent  tough  deposits  of  copper  with  the  theo- 
retical yield  from  a  solution  composed  of : — 


Ozs.  per 

Percentage 

gallon. 

bv  wctffht. 

Copper  Sulphate  (CuSO^+5HaO)  ... 

...      32           . 

..           14-87 

Sulphuric  Acid  (HaSO*)        

...      12-6       . 

1077 

Water 

... 

7436 

lOO'OO 


S.  Sheldon  has  carried  out  a  number  of  experiments  to 
determine  the  electric  conductivity  of  copper  when  annealed 
at  various  temperatures.  A  sample  of  copper  was  drawn 
several  times  without  annealing,  so  as  to  become  very  hard, 
and  was  then  cut  up  into  different  lengths  which  were 
separately  annealed  at  different  temperatures  both  in  a 
vacuum  and  in  hydrogen,  and  tested  for  conductivity.  The 
effect  of  the  different  annealings  in  vacuo  in  relation  to 
conductivity  is  shown  by  the  following  figures  ;  the  conduc- 
tivities of  the  samples  were  calculated  from  measurements 
of  resistance,  length,  weight,  and  specific  gravity : — 


Digitized  by  LjOOQ  IC 


1900.] 


THE  PRODUCTION  OF  COPPER  TUBES. 


277 


TABLE   VII. 


AXNEALED  IX  A  VACUUM. 

Annealed 

N   HYDRfKiEN. 

Annealing; 
temperature. 

Conduclivily. 

Annealing 
temperature. 

ConductiWty. 

i           "• 

;      20 

1      37 

1 
54 

118 

215 
300 

6no 

755 
930 

Per  cent. 
IOI-5 
IOI-5 
lOI'S 
IOI-6 
1020 
I02-I 
102-4 
102*7 
990 

oC. 
20 

45 
105 
234 
360 

483 
1050 

Per  cent. 
•     990 
99*0 
993 

99-8 

lOIO 

101*9 
89-33 

Cost  op^  Depositing  Copper. 

According  to  Dr.  Kiliani,  the  back  E.M.F.  is  0-12  volt, 
which  has  to  be  overcome  with  each  pair  of  electrodes  in 
the  electrolyte  under  normal  conditions.  This  back  E.M.F. 
is  due  to  the  polarisation  at  the  surface  of  the  anode,  and 
increases  with  the  impurity  of  the  raw  copper  used. 

The  following  figures  give  the  approximate  cost  of  pro- 
ducing electrical  energy  on  a  large  scale  with  condensing 
engines,  the  cost  per  kilowatt-hour  working  out  to  '3995,  in 
which  case  the  cost  of  the  electrical  energy  required,  to 
deposit  one  ton  of  copper  is  14s.  5d.  A  large  installation  of 
10,000  H.P.  is  now  being  put  up  near  Manchester,  which 
will  supply  electricity  at  ^d.  per  kilowatt  : — 
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ESTIMATED  COST  OF  WORKING  A  2,100  KILOWATT  PLANT, 
THE  PRICK  BEING  BASED  ON  THAT  PREVAILING  IN 
ENGLAND. 

(Staff  arranged  in  three  shifts  for  continuous  running  of  150  hours 

per  week.) 


Stokers 6 

Trimmers  3 

Engine-drivers 6 

Oilers      12 

Dynamo  and  switchboard  hands    6 
Superintendent i 


at 


£    s.d. 


'3 
4 

17 
8 
8 
o 


per  week 


Total  wages  per  wxek     

(At  150  hours  =  7s.  id.  per  hour.) 


£ 

9 

3 

II 


16  16 

8    8 
4    o 


d. 
o 
6 
o 
o 
o 
o 


£53     2    6 


PER   KILOWATT-HOUR. 

Salaries  and  wages 

Coal,  2*4  lbs.  at  i6s.  per  ton  

Water,  at  6d.  per  1,000  gallons      

Oil  and  sundry  stores,  waste,  etc 

Standing  charges,  office  expenses,  rent,  insurance,  etc, 

Repairs  

Interest  on  capital  ^29,000  at  5  per  cent. 
Interest  on  buildings  £5,000  at  5  per  cent. 

Depreciation  on  plant  10  per  cent 

Depreciation  on  buildings  3  per  cent 


Total  cost  per  unit  generated 

♦  On  basis  of  workinji  50  weeks  in  the  year. 


Pence. 
•0405 
•2050 
•0014 
•0400 
•0300 
0100 
•0222  * 
•0038  * 
•0443  * 
•0023  '^• 


...    o-3995d. 


The  Anaconda  Mining  Company  has  recently  made  public 
the  cost  of  electrolytic  refining  during  the  year  1897  to  1898 
at  its  works  at  Anaconda,  Montana ;  the  figures  given  are  as 
follows  : — 


£     s.   d. 

Assay  expenses  and  salaries 

3,062     7     8i 

Electric  light          

475  "  II 

Expenses 

775  16    2 

Labour        

28,408  13    2 

Legal  expenses      

426    7    I 

Power-house  expenses,  coal 

27,589    0    8i 

labour  ... 

9,880    9  10 

„            machinery 

and  repairs 

4,020  19    7 
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Making  a  total  of  ;^42,8i2  6s.  6d.  for  power,  of  which 
£if2^o  was  charged  to  silver  mill,  leaving  a  net  expense  of 
;^4i,562  6s.  6d.  for  power  for  the  electrolytic  refinery. 


For  recasting  scrap-anodes  

Regenerating  plant  expenses       

Salaries,  including  management 

Stable  expenses       

Sundry  supplies       

Switching  product 

Taxes 

Repairs  on  buildings  ...  

„       on  machinery       

On  refining  tanks 

Making  a  total  of 

The  output  of  electrolytic  copper  was  59,505,711  lbs.,  con- 
sequently the  cost  of  production  was  3s.  i Jd.  per  cwt.  or 
£•}  2s.  6d.  per  ton. 

In  the  above  calculations  the  dollar  was  taken  at  4s.  2d. 

The  President  :  We  have  had  a  communication  from  an  honorary   Pr^ident. 


£ 

s. 

d. 

'   3,585 

4 

8 

.   2,460 

5 

9i 

.   3,252 

9 

Hi 

.     391 

17 

6 

.   2,362 

6 

6 

181 

5 

0 

.    1,146 

19 

3 

.    1,076 

8 

5 

.    1.521 

0 

II 

.    1,659 

2 

li 

;£92,398 

7 

Hi 

member,  Mr.  Henry  Wilde,  which  I  will  ask  the  Secretary  to  read. 

Mr.  Henry  Wilde,  F.R.S.  [communicated']  :  I  have  read  with  much 
interest  the  paper  of  Mr.  Cowper-Coles  on  "An  Electrolytic  Centri- 
fugal Process  for  producing  Copper  Tubes."  May  I  point  out  that  the 
process  described  is  identical  with  the  one  patented  by  me  in  1875 
(^0-  4»5i5)>  which  has  been  in  successful  operation  in  Manchester 
and  elsewhere  for  more  than  twenty  years.  By  the  publication  of  his 
paper  Mr.  Cowper-Coles  has,  however,  rendered  an  important  service 
to  the  electro-metallurgical  industry  in  exposing  the  fallacy  of  sub- 
mitting electro-deposited  surfaces  to  Hie  friction  of  foreign  substances 
during  the  process  of  deposition.  His  paper  also  contains  some 
interesting  information  on  the  electro-metallurgy  of  copper  which  is 
not  readily  available  in  other  publications.  Subjoined  are  extracts  from 
the  Specification  and  Claims  of  the  Patent  referred  to  : — 

"Whereas  attempts  have  been  made  from  time  to  time  to  substitute 
iron  rollers  covered  with  a  thin  layer  of  copper  by  means  of  electricity, 
for  the  solid  copper  rollers  used  in  calico-printing  and  in  other  pro- 
cesses, but  owing  to  the  expense  of  the  battery  power  and  the  slow 
rate  at  which  the  copper  was  deposited  in  the  reguline  state,  such 
attempts  have  not  hitherto  been  commercially  successful. 

"Now  my  Invention  consists  in  giving  to  the  electrolyte  or 
depositing  liquid  in  which  the  roller  to  be  coated  is  immersed,  or  to 
the  positive  and  negative  electrodes  themselves,  a  rapid  motion  of  rota- 
tion in  order  that  fresh  particles  of  the  electrolyte  may  be  brought 


Mr.  Wilde. 
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Mr.  Wilde. 


Mr.  Mordey. 


Mr. 
Fcrrantl. 


successively  in  contact  with  the  metallic  surfaces.  By  this  means 
powerful  currents  of  electricity  may  be  brought  to  bear  upon  small 
surfaces  of  metal  without  detriment  to  the  quality  of  the  copper 
deposited,  while  the  rate  of  the  deposit  is  greatly  accelerated  (page  4). 

"  Instead  of  producing  the  whirling  motion  of  the  electrolyte  by  the 
rotation  of  the  roller  b,  as  above  described,  it  may  be  produced  by  the 
rotation  of  the  positive  electrodes  g  mounted  on  a  revolving  frame,  or 
by  paddles  revolving  in  the  annular  space  between  fixed  electrodes  and 
a  fixed  roller  (page  5). 

"  This  invention  may  also  be  applied  to  the  electrolytic  method  of 
refining  copper  described  in  the  Specification  of  Letters  Patent 
granted  to  J.  B.  Elkington,  November,  1865,  No.  2,838 "(page  4). 

"Claims. — First :  Imparting  a  rapid  whirling  or  rotating  motion  to  a 

depositing  solution  in  the  manner 'and  for  the  purposes  described.     .    . 

"  Lastly  :  The  application  of  the  whirling  or  rotatory  motion  of  the 

electrolyte  in  the  refining  of  copper  and  the  apparatus  for  efiFecting  the 

same  as  shown  and  described." 

Mr.  W.  M.  Mordey  :  I  should  like  to  suggest  to  Mr.  Cowper-Coles 
to  add  to  Table  7  (on  p.  277)  a  column  indicating  resistance.  We  all 
know  what  ohms  are,  but  I  think  a  very  few  of  us  know  what  mhos 
are. 

Mr.  S.  Z.  DE  Ferranti  :  About  six  or  seven  years  ago  I  saw  in  Paris 
a  process  almost  identical  with  that  described  by  Mr.  Cowper-Coles.  It 
was  not  being  worked  commercially,  but  in  a  laboratory  for  the  purpose 
of  demonstration  with  a  view  to  selling  the  patents.  It  was  specially 
arranged  for  depositing  a  very  thin  and  uniformly  good  plate  at  a  very 
high  current  density.  The  difference  was  that  the  roller  was  horizontal 
instead  of  vertical,  and  the  cylinder  was  only  half  covered  with  the 
electrolyte.  The  cylinder  was  a  fairly  large  one,  I  think  about  2  ft.  6  in. 
to  3  ft.  in  diameter,  and  was  revolved  very  rapidly  ;  in  fact,  there  was  a 
great  tendency  to  throw  the  solution  about,  and  baffles  had  to  be  used 
to  prevent  the  liquid  being  scattered  over  the  room.  I  do  not  know 
what  the  peripheral  speed  was,  but  it  was  very  high.  The  copper  sheet 
deposited  upon  the  metal  mandrel  was  beautifully  smooth  and  regular 
when  stripped  off.  The  paten tt;es  thought  that  the  special  point  in  the 
invention  was  not  the  high  speed  of  rotation,  but  the  power  to  produce 
cheaply  a  very  thin  copper  sheet,  which  is  an  article  sold  in  the 
market  for  many  purposes  at  a  very  high  price  per  pound. 

I  have  also  seen  another  application,  somewhat  similar  to  the 
one  which  we  have  seen  this  evening,  of  rotary  deposit  without 
burnishing ;  it  was  produced  by  Mr.  R.  D.  Sanders  at  Eastbourne, 
who,  was,  I  believe,  at  one  time  the  manager  of  the  Elmore  works.  In 
his  case  he  coiled  a  wire  spirally  upon  an  insulating  cylinder.  This 
mandrel  was  three  parts  immersed  in  the  copper  sulphate  and  rotated 
at  about  100  revolutions  per  minute.  He  found  that  he  could  use  a  very 
high  current  density,  and  obtained  a  most  beautiful  spiral  deposit  of 
copper  on  the  wire  which  grew  until  it  was  large  enough  to  be  uncoiled 
from  the  mandrel.  The  wire  was  then  drawn  down  through  a  few 
dies  and  produced  most  beautiful  results.  I  thought,  and  still  think, 
very  highly  of  that  process.     It  has  not,  however,  been  applied  corn- 
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mercially  in  this  country  because  of  the  prevailing  idea  that  it  is  not  ^^^^^^^^^ 
possible  to  produce  copper  wire  more  cheaply  by  this  method  than  by 
the  old-fashioned  method.  The  prevailing  feeling  is  that  we  have  got 
down  to  absolutely  the  bottom  in  the  way  of  cost  price,  and  that  therefore 
nothing  else  can  be  cheaper.  These  are  two  applications  of  centri- 
fugal depositing  processes  which,  so  far  as  one  can  see,  are  very  much 
like  the  one  that  has  been  shown  to  us  by  Mr.  Cowper-Colcs  this 
evening,  and  are  both  of  them  most  successful  in  accomplishing  the 
result  for  which  they  had  been  invented. 

Mr.  G.  L.  Addenbrooke  :  I  should  like  to  ask  Mr.  Cowper-Coles  if  J[^^^^"" 
he  would  kindly  tell  us  in  what  particulars  his  process  differs,  beyond 
the  fact  that  the  force  used  is  centrifugal,  from  that  described  by  Mr. 
SwBxi  at  the  Royal  Institution  some  time  ago,  in  the  lecture  to  which 
Mr.  Cowper-Coles  refers  in  referring  to  the  smoothness  of  the  deposit 
being  dependent  on  the  absence  of  solid  particles.  I  remember  Mr. 
Swan  had  a  number  of  plates  in  which  a  copper  deposit  was  produced 
by  moving  them  at  a  very  rapid  rate  in  the  solution,  and  showed  how 
that  motion  led  to  the  production  of  a  perfectly  even  deposit,  and  per- 
mitted the  use  of  a  very  great  current  density. 

The  President  :  There  was  one  thing  which  interested  me  ex-  ![?* .^^^j 
ceedingly  in  Mr.  Cowper-Coles*  description  of  his  process.  It  was  the 
account  of  the  difference  in  conditions  under  which  were  produced  the 
rough  and  granular,  or  nodular,  deposit  and  the  very  smooth  deposit, 
of  which  illustrations  are  shown  in  Figs.  4  to  12.  He  told  us  you  might 
whirl  the  mandrel  round  at  a  relatively  low  speed  without  producing 
much  effect,  but  that  there  was  a  critical  speed  at  which  an  improvement 
in  the  state  of  the  deposit  occurred.  He  did  not  tell  us  what  that  limit 
was.  Can  it  be  given  as  surface  speed  in  feet  per  second  ?  I  notice  that 
some  deposits  are  described  as  having  been  made  at  a  peripheral  speed 
of  500  feet  per  minute  ;  but  the  question  is,  what  is  the  peripheral  speed 
at  the  critical  point,  and  can  the  author  give  us  any  idea  as  to  what 
is  the  physical  meaning  of  the  existence  of  this  critical  speed  ? 

With  regard  to  the  point  raised  as  to  conductivity,  it  may  be  known 
to  some  present  that  a  Committee  has  been  at  work  putting  together 
the  information  that  exists  as  to  the  conductivity  of  standard  qualities 
of  copper,  obtained  from  a  number  of  sources  with  a  view  to  estab- 
lishing authoritatively  what  is  the  standard  of  purity  of  copper.  We  are 
supposed  to  be  working  nowadays  to  Matthiessen's  standard  of  1862, 
but  I  am  afraid  none  of  the  actual  samples  that  are  supplied  to 
Matthiessen's  standard  are  exactly  the  same  as  his  standard  was  ;  and 
we  have  in  the  report  of  that  Committee — which,  by  the  way,  will  appear 
in  full  in  our  January  Journal  [this  vol.,  p.  i6g] — these  facts  put  before 
us  and  brought  up  to  date.  But  in  that  case  there  are  given  not  only 
the  absolute  values  of  the  specific  resistances  of  the  copper,  but  also 
their  values  in  terms  of  conductivity,  Matthiessen's  standard  being 
regarded  as  100  per  cent.  In  1862  it  was  supposed  that  Matthiessen 
had  completely  purified  his  copper,  and  that  the  absolutely  pure  copper 
which  he  produced  would  have  a  conductivity  of  100  per  cent.,  the 
highest  that  could  be.  Nowadays  we  have  coppers  with  a  con- 
ductivit>'  of  102  per  cent,  as  compared  with  that  old  standard.     I  think 
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there  are  some  reasons  for  preserving  the  standard  in  terms  of  con- 
ductivity, though  I  agree  with  Mr.  Mordey  that  it  would  be  an  advantage 
to  have  the  absolute  resistances  set  down  in  ohms  also  by  the  side  of 
the  conductivity.  Perhaps  Mr.  Cowper-Coles  can  give  us  some  further 
information  on  this  point  as  to  what  is  the  standard  that  he  takes  when 
he  gives  us  certain  things  as  having  a  conducti\nty  of  102  per  cent. 
Does  he  mean  102  in  terms  of  the  so-called  Matthiessen's  standard,  or 
what  does  he  mean  ? 

Mr.  Alan  Williams  [communicated]  :  In  the  introduction  to  Mr. 
Cowper-Coles*  very  interesting  paper  the  author  has  referred  to  a  pro- 
cess now  being  worked  on  a  large  commercial  scale  in  which  a  sheep- 
skin burnisher  and  a  fairly  rapid  rotation  of  the  cathode  are  emploN'cd 
in  order  to  obtain  an  even  deposit  of  copper.  In  his  description  of  the 
process  he  suggests  that  the  effect  of  the  burnisher  is  to  apply  an 
insulating  coating  to  the  projecting  parts  of  the  deposit,  allowing  the 
surrounding  depressions  to  be  filled  up.  I  have  had  an  opportunity'  of 
seeing  this  process  at  work,  and  can  testify  to  the  excellent  deposit  pro- 
duced by  it. 

I  do  not  believe  that  the  explanation  given  of  the  working  of  this 
process  is  the  correct  one,  although  it  is,  I  understand,  accepted  by  the 
parties  working  it.  If  the  even  deposit  were  produced  through  the 
deposition  of  an  insulating  film  on  the  "nodules"  it  would  seem  that  the 
"  impregnators"  would,  after  a  short  time,  give  up  all  the  insulating  grease 
they  originally  contained,  and  would  then  be  no  longer  able  to  protect  the 
"  nodules."  This,  however,  is  not  the  case ;  the  "  impregnators  "  are  quite 
as  efficient  at  the  end  of  a  long  run  as  at*  the  start.  Moreover,  in  the 
later  patents  referred  to  by  the  author  "  impregnators "  are  used  free 
from  excess  of  grease,  which  rather  points  to  the  fact  that  the  grease  is 
not  of  much  importance. 

My  theory  of  this  process  and  of  all  other  processes  which  have 
produced  satisfactory  results  is  this  :  In  an  ordinary  depositing  cell, 
immediately  the  current  is  switched  on,  copper  is  deposited  on  the 
cathode,  and  a  thin  layer  of  electrolyte  touching  the  cathode  becomes 
very  considerably  weakened  in  consequence.  Before  more  deposition 
can  take  place  this  layer  of  exhausted  electrolyte  must  be  removed. 

If  left  to  itself  it  will  naturally  break  up  in  a  sort  of  granular  forma- 
tion, being  perforated  at  a  number  of  points  and  allowing  copper- 
bearing  electrolyte  to  have  access  to  the  cathode  through  the  perforations 
and  permitting  a  number  of  "nodules"  of  copper  to  be  formed.  An 
irregular  deposit  then  grows  on  these  "  nodules." 

To  prevent  this  action  from  taking  place,  it  is  necessary  to  remove 
the  film  of  exhausted  electrolyte  immediately  it  is  formed,  either  by 
friction,  violent  circulation  of  the  electrolvte  or  rotation  of  the  cathode. 
Consequently  the  process  which  most  effectually  removes  this  film,  and 
which  at  the  s;ime  time  gives  the  most  uniform  distribution  of  current 
and  the  most  uniform  strength  of  electrolyte  over  the  whole  surface 
of  the  cathode,  should  be  the  one  to  produce  the  best  deposits  of  copper 
and  to  allow  the  highest  current  density  to  be  used. 

Mr.  W.  GiHBiNGS  [communicated]  :  Mr.  Cowper-Coles'  paper  is  of 
great  interest,  and  will  doubtless  be  specially  appreciated  by  those 
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members  who  are  connecled  with  Eluctro-Mctallurgy,  a  subject  which   Mr. 
docs  not  engage  the  attention  of  the  Institution  so  largely  as  other 
subjects. 

The  centrifugal  process  of  making  copper  tubes,  etc.,  will  not,  I 
think,  be  found  to  be  new,  for  a  similar,  if  not  the  same,  process  was 
patented  in  February  or  March,  1894,  by  Paul  David,  and  was  taken 
over  and  used  by  La  Societe  des  Cuivres  de  France,  3,  Rue  Cambon, 
Paris.  The  centrifugal  process  in  this  patent  is  claimed  **  pour  fabrica- 
tion de  tubes  et  autres  objects  en  cuivrc  par  simple  rotation  dans  un 
electrohie."  However,  whether  Mr.  Cowper-Coles  has  been  antici- 
pated or  not,  he  deserves  great  credit  for  working  out  the  process 
independently.  I  think  this  process  is  in  advance  of  others  invented 
for  like  purposes,  but  I  do  not  think  any  electrolytic  process  yet 
invented  for  making  tubes  is,  or  is  likely  to  be,  a  commercial  success. 
These  remarks  apply  equally,  or  with  greater  emphasis,  to  the  electro- 
lytic manufacture  of  wire.  Certainly  we  are  very  far  from  the  "  revolu- 
tion in  the  copper  industry  "  which  the  Elmore  process  promised  twdvc 
or  fourteen  years  ago,  and  the  "  considerable  success ''  spoken  of  by  the 
Author  of  the  paper  as  having  been  attained  by  this  process  has  not  yet 
been  realised  by  the  shareholders. 

The  method  of  projecting  the  electrolyte  on  the  cathode  was  tried 
at  Anaconda,  and  abandoned. 

I  notice  the  centrifugal  process  is  claimed  to  do  away  with  the 
lamination  trouble.  If  it  does,  it  has  overcome  one  of  the  great  diffi- 
culties met  with  in  the  direct  manufacture  of  tubes  and  sheets  by 
electrolysis,  but  it  is  only  one  ;  there  are  many  more  between  theory 
and  commercial  success. 

The  Temperature- Resistance-Curve,  given  on  page  263,  requires 
explanation.  The  great  drop  in  resistance  between  60°  and  80°  F.  is 
not  due  to  temperature  per  se,  but  to  the  fact  that  in  the  solution  ex- 
perimented on  the  copper  sulphate  crystallises  out  at  75°  F.  This  is 
the  temperature  of  solidification,  assuming  that  the  acid  used  was  168 
twaddeU.  If  the  acid  used  in  the  experiment  was  of  lower  specific 
gravity,  crystallisation  would  occur  at  a  rather  lower  temperature. 

This  will  also  suggest  itself  as  the  explanation  of  the  curves  on 
page  259,  but  as  an  analysis  of  the  solution  used  in  this  case  is  not  given, 
I  cannot  determine  the  point  of  crystallisation. 

"  Best  resistance  "  on  page  267  should  apparently  read  "  least  resist- 
ance." 

Table  VII.,  w^ith  results  of  experiments  to  determine  conductivity 
of  copper  annealed  in  a  vacuum  and  in  hydrogen  shows  remarkable 
results,  but  not  such  as  are,  as  far  as  I  can  see,  of  any  practical  value. 
The  annealing  of  copper  in  hydrogen,  even  if  it  could  be  done  on  any 
large  scale>  would  render  the  metal  totally  unfit  for  rolling  or  drawing. 

Mr*  CowPER-CoLES,  in  reply,  said  :  With  reference  to  Mr,  Henry   Mr  Cowpet 
Wilde's  communication, « undoubtedly  there  is  now i  nothing  new  in   ^^^' 
revolving  a  cathode^  as  this  was  done  by  him  twenty-five  years  ago.    I 
myself  have  used  revolving  cathodes  for  ten  years  or  more.   What,  how- 
ever, I  claim  to  have  discovered  is,  that  if  the  cathode  is  revolved  at  a 
sufficiently  high  speed  so  as  to  generate  an  appreciabk  amount  of  centri- 
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Mr  cowper-  f  ugal  f  orce,  remarkably  smooth  deposits  can  be  obtained  at  very  high  cur- 
rent densities.  I  have  also  observed  that  there  is  a  critical  speed  at  which 
excellent  copper  deposits  can  be  obtained,  which  cannot  be  obtained  at 
any  other  speed.  I  am  well  acquainted  with  Mr.  Henry  Wilde's  patent 
in  which  he  claims,  "  imparting  a  rapid  whirling  or  rotating  motion  to  a 
depositing  solution  either  by  revolving  the  electrodes  or  by  means  of 
paddles,"  but  I  was  not  'aware  that  he  had  discovered  that  by  rotating 
the  cathode  at  a  certain  speed  smooth  deposits  of  copper  could  be 
obtained  at  remarkably  high  current  densities,  even  when  a  very  large 
percentage  of  free  acid  is  present  in  the  electrolyte. 

With  reference  to  Mr.  S.  Z.  de  Ferranti's  remarks  on  the  process  he 
saw  in  Paris,  this  evidently  is  not  a  practical  one.  In  the  first  place, 
only  half  the  cathode  is  immersed  in  the  electrolyte,  and  therefore  a 
plant  to  give  a  large  output  is  very  cumbersome  and  the  action  obtained 
with  a  horizontal  cathode  is  not  the  same  as  that  obtained  in  the  process 
I  have  described.  With  reference  to  Mr.  R.  D.  Sander's  process  for 
making  copper  wire,  I  have  heard  of  this  process,  and  I  quite  agree 
that  such  a  process  would  not  compete  in  price  with  the  present  method 
of  wire  drawing. 

In  reply  to  Mr.  G.  L.  Addenbrooke's  remarks,  I  have  not  read  the 
paper  Mr.  Swan  delivered  before  the  Royal  Institution,  but  I  have  talked 
to  him  on  the  subject  of  his  paper,  and  understand  that  all  the  experi- 
ments he  made  were  with  horizontal  anodes,  and  that  the  difficulty  he 
experienced  was  that  when  a  high  speed  was  used  deep  lines  were 
formed  on  the  cathode.  This  has  also  been  my  own  experience,  as  I 
have  tried  to  produce  parabolic  reflectors  by  revolving  the  cathode 
at  a  high  speed,  at  the  same  time  using  a  high  current  density,  but 
found  it  impracticable,  as  the  lines  of  rotation  spoilt  the  reflecting 
surface,  and  the  speed  of  rotation  had  ultimately  to  be  reduced  to  about 
five  revolutions  per  minute. 

With  reference  to  the  President's  remarks,  as  regards  the  critical 
peripheral  speed,  this  should  not  be  less  than  one  thousand  feet  per 
minute.  The  centrifugal  process  enables  a  very  high  percentage  of 
free  acid  to  be  used,  which  is  advantageous  both  from  an  electrical  and 
from  a  copper  refining  point  of  view.  The  electro -motive  force  re- 
quired is  less,  and  the  large  percentage  of  free  acid  enables  ores  to  be 
leached  which  it  would  not  be  possible  to  leach  if  only  a  small  percentage 
of  acid  were  used. 

[Added,  February  24/A.] — I  should  like  to  state,  in  reply  to  Mr.  W. 
Gibbings'  communication,  that  the  process  he  refers  to  is  evidently  a 
similar  process  to  that  of  Mr.  Henry  Wilde,  to  which  reference  has  been 
made  above. 
Sf-M-^f  The  President  :  It  is  now  our  pleasing  duty  to  return  our  thanks 

formally  to  Mr.  Cowper-Coles  for  the  paper  which  he  has  been  good 
enough  to  bring  before  the  Institution.  We  do  not  often  have  a  paper 
at  this  Institution  on  electrol5rtic  processes,  and  when  we  have  one  it  is 
well  that  we  should  recognise  the  importance  of  this  branch  of  the 
electrical  industry.  May  we  hope  to  have  other  papers  on  electro- 
metallurgical  subjects  as  time  goes  on  !  An3rthing  that  will  produce  a 
purer  or  cheaper  copper,  or  a  copper  that  is  more  mechanically  good 
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than  wc  have  had  before,  is  so  much  to  the  gooci  and  benefit  of  the   JJ^j^^^^ 
electrical  industry  as  a  whole,  that  I  think  we  may  congratulate  Mr. 
Cowper-Coles,  while  we  thank  him  for  the  paper  which  he  has  given. 

The  President  announced  that  the  scrutineers  reported  the  following 
candidates  to  have  been  duly  elected  : — 

Members  : 

Charles  A  Burge.  I       Herbert  Sydney  Russell,  B.Sc. 

George  Cheetham.  i      John  Julius  Steinitz. 

John  Macintyre,  M.B.,  M.Ch.,  F.R.S.E.,  &c. 

Associate  Members : 


Captain  Cecil    William    Davy, 

R.E. 
Hugh  Frederick  Dawson  Jacob. 
Lieut.  George  Stuart  Knox,  R.E. 


James  McCaffery. 
J.  E.  Douglas  Neale. 
Joseph  John  Smith. 
Charles  Edgar  Williams. 


Associates : 


William  Henry  Ashman. 
Edward  Arthur  Barker. 
Robert  Leopold  Bendall. 
Richard  George  Botting. 
John  Edward  Dawson. 
Walter  Bawcutt  Edmunds. 
Alexander  McAra  Fyfe. 
Edward  Garton. 
John  Bertram  Gibbons. 
David  Henriques. 

Robert 


John  Murray  Hincks. 
Albert  Thornley  Kinsey. 
Henry  J.  Lewenz. 
Selby  Lennox  Macfarlane. 
William  Norman  Price. 
Frederick  William  Rayner. 
Albert  Edward  Salisbury. 
Harold  Sandwith. 
Sydney  George  Starling. 
George  Stannage. 
MartiU  Wilson. 


Students  ; 


Harold  J.  Brooke. 
Mortimer  Arthur  Codd. 
Emil  Samuel  Conradi. 
Ernest  Salomon  Lance. 
John  Bernard  Langford. 
John  Milton. 


Christopher  Stewart. 
Harold  Dalrymple  Symons. 
Cyril  Frederick  Thatcher. 
Albert  Isaac  Tracey. 
Rupert  Harold  Waite. 
John  Warrack. 
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ELECTRICAL  TIME-SERVICE. 

Continuation  of  Discussion  on  the  Paper  by  F.  Hope-Jones. 

Puttkamnier  Mr.  C.  PuTTKAMMER  [commumcaicd  *]  :  In  his  paper,  Mr.  Hope- 
Jones  omitted  to  refer  to  the  work  of  the  Normal  Time  Company 
(Gesellschaft  Normal  Zeit),  which,  since  the  year  1894,  has  been 
working  in  Berlin  a  system,  whereby  all  clocks  connected  with  their 
central  station  have  been  regulated  and  have  been  provided  with  all  the 
contrivances  which  would,  in  the  opinion  of  the  author  of  the  paper, 
constitute  the  ideal  of  an  organisation  of  this  kind  in  London.  The 
Company  has  already  established  5,000  connections  in  Berlin  alone, 
including  all  the  State  buildings,  and,  in  fact,  all  the  establishments  in 
which  it  is  necessary  to  keep  correct  time.  The  technical  points  of  the 
system  are  not,  however,  entirely  in  accord  with  Mr.  Hope-Jones'  views. 
The  principle  hitherto  followed  in  the  synchronisation  of  "In- 
dependent Electric  Clocks"  (sec  p.  121,  Class  2a)  has  been  to  regulate 
the  working  of  the  clocks  about  once  a  day.  The  clocks  which  the 
author  classes  as  26  have  no  independent  clockwork ;  but  the  hand  v^ 
moved  forward  a  certain  space  by  electric  current  at  short  intervals.  In 
neither  system  is  it  possible  to  ascertain,  in  the  event  of  disturbance  or 
interruption,  whether  the  current  really  fulfils  its  function  or  not.  If 
the  circuit  becomes  disconnected,  the  clock  referred  to  in  Class  2a  wU 
continue  to  go,  as  if  nothing  had  happened,  whilst  the  regulating  con- 
trivance will  cease  to  act,  and  there  is  always  the  risk  of  some  mishap 
occurring,  whilst  the  customer  remains  under  the  impression  that  his 
clock  is  right.  In  Class  No.  26  the  clock  will  simply  stop  until  the 
fault  has  been  repaired.  But  in  either  case  it  is  necessary  to  notify  the 
central  station  of  the  disturbance.  This  was  also  the  reason  why 
previous  undertakings  have  failed  to  attract  the  confidence  of  the 
public. 

The  Paris  organisation  of  Popp  has  thus  failed  up  to  the  present  to 
form  an  extensive  connection,  and  the  concern  started  by  the  Allge- 
meine  Electricitats  Gesellschaft  proved  a  failure. 

The  Normal  Time  Company  is  the  only  concern  which  has  hitherto 
succeeded  in  acliieving  good  results  in  this  direction.  This  Company 
started  on  the  principle  that  it  is  not  sufficient  merely  t©  regulate  and 
wind  up  the  clock,  but  that  the  main  point  is  to  exercise  a  permanent 
control  over  the  correct  working  of  the  time-pieces  connected  with  the 
central  station.  A  time-piece  continually  regulated  from  the  obserx-a- 
tory  by  the  Jones  system  exercises  regular  control  over  the  clocks 
connected  by  it  by  means  of  a  current  entering  the  circuits  at  certain 
intervals  and  being  cut  off  after  a  given  time.  The  clocks  are  switched 
on  to  these  circuits  at  certain  times  appointed  accurately  beforehand, 
and,  in  their  proper  order,  receive  the  regulating  current  and  are  then 
switched  off  again,  whereupon  the  next  clock  becomes  switched  on  and 
so  forth. 

*  Received  too  late  to  he  included  in  the  account  of  the  discussion  on  this 
paper  (vide  this  Volume,  pp.  119-153). 
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The  clocks  are  regulated  through  the  central  time-piece,  and  are  Mr. 
wound  up  electrically  either  by  a  strong  current  (System  of  Professor 
Aron)  or  by  a  weak  current  (Normal  Time  System).  The  principal 
point  consists,  however,  in  a  registering  contrivance  affixed  to  the 
central  time -piece,  on  which  every  clock  registers  a  mark  at  the 
moment  it  is  connected  with  the  circuit  by  means  of  an  electro-magnet 
with  a  pointed  lever  making  a  record  on  a  running  strip  of  paper. 
>  i  From  the  position  of  this  record  the  official  in  charge  can  always  tell  to 
I  a  second  how  great  the  deviation  in  time  of  the  clock  in  question  has 
i  been,  and  whether  the  fault  has  been  remedied  ;  if  this  is  not  the  case, 
:  i  and  if  an  interruption  of  any  kind  should  have  occurred  between  the 
connected  clock  and  the  central  timepiece,  it  will  at  once  become 
,  evident  to  the  officials  at  the  central  station  through  the  position  of,  or 
the  non-appearance,  of  the  mark,  and  tHcy  will  know  that  an  accident 
has  happened  between  the  central  station  and  the  clock  in  question, 
and  will  so  be  in  a  position  to  remedy  the  defect  at  once.  As  the  con- 
nected clock  is  switched  on  several  times  during  the  twenty-four  hours, 
deviations  cannot  be  very  great.  Another  advantage  of  the  system  is 
that  the  central  station  can  observe  and  regulate  most  frequently  those 
clocks  which  it  is  especially  important  to  keep  correct.  The  Normal 
Time  Company  has  not  limited  its  activity  to  a  single  city,  but  has  dis- 
tributed its  efforts  over  the  whole  of  Germany,  the  Royal  Observatory 
f  giving  the  Company  the  correct  time,  and  the  latter,  in  its  turn,  giving 
it  to  its  customers.  Thus,  for  instance,  it  has  made  an  arrangement  by 
which  a  specially  constructed  clock  sends  out  the  exact  time  automati- 
cally, every  morning,  through  the  telegraph  wires,  to  the  most  distant 
parts  of  the  country ;  and  also  one  by  which  the  nautical  time-balls  in 
the  ports  are  automatically  regulated  from  a  central  station.  An 
arrangement  of  this  kind  has  been  established  in  the  port  of  Bremen 
under  the  special  supervision  of  the  Postal  authorities  during  the  last 
three  years.  The  clock,  which  is  regulated  from  Berlin,  has  never 
during  the  whole  of  this  period  deviated  from  the  correct  time  by 
more  than  two-tenths  of  a  second.  The  ball  has  not,  however,  repeated 
this  error  of  two-tenths  of  a  second,  as  the  current  working  the  same 
passes  through  a  special  checking  contrivance,  by  which  the  small  error 
is  automatically  neutralised. 

Mr.  F.  Hope-Jones  [communicated^  in  reply]  :  I  have  read  with 
interest  Herr  Puttkammer's  account  of  the  synchronising  methods 
employed  by  the  Gessellschaft  Normal  Zeit  of  Berlin,  and  regret  that  it 
was  impossible  in  the  short  space  at  my  disposal  to  consider  Class  2a  at 
greater  length  and  to  review  the  many  methods  that  have  been  suggested 
for  indicating  at  a  central  time  station  the  condition  of  the  clocks 
operated  upon.  But  the  provision  of  all  the  contrivances  he  describes 
do  not  constitute  my  ideal  of  an  organisation  of  this  kind  in  London. 
To  my  mind  a  house-to-house  time-service  to  be  really  successful  must 
be  at>ove  all  things  simple.  I  am  convinced  that  no  system  has  a 
chance  of  remunerative  adoption  in  this  country  which  requires  :  (i) 
Independent  time-measuring  mechanisms  wherever  clock  faces  are 
desired,  (2)  a  method  of  synchronising  these  at  the  dictation  of  a  master 
clock,  and  (3)  a  method  of  indication  at  headquarters  to  report  to  what 
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Ho  -loiies  '-'xtent  Xo.  I  has  ^ucceedcd  or  failed  in  its  duty  of  measuring  time,  and 
also  to  what  extent  Xo.  2  has  succeeded  or  failed  in  its  duty  of  correct- 
ing Xo.  I.  Surely  such  a  system  savours  too  much  of  the  accumulation 
of  automatic  devices  superimposed  one  upon  another  to  correct  evils 
but  not  to  cure  them. 

I  do  not,  however,  ignore  the  ad\*antages  of  *'  reporting  "  systems  ; 
indeed,  I  advocated  them  in  a  contribution  to  an  electrical  journal  some 
years  ago,  and  I  have  no  doubt  that  the  method  described  by  Herr 
Puttkammer,  in  which  each  clock  in  turn  imbibes  synchronisation  froin 
a  common  circuit,  is  an  excellent  one,  but  I  submit  that  in  Berhn  they 
begin  with  the  wrong  thing,  and  consequently  require  a  most  elaborate 
system  to  keep  it  to  time. 

I  would  begin  with  one-wheel  electrically  propelled  dials,  and 
arrange  the  mains  and  sub-circuits  in  such  a  manner  that  a  disconnec- 
tion or  other  electrical  fault  would  be  apparent  in  the  central  station. 
In  cases  where  large  circuits  and  heavy  responsibilities  require  it, 
automatic  methods  of  reporting  the  accuracy  of  the  dials  might  be 
applied. 
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The  Three  Hundred  and  Forty-first  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  25,  Great  George  Street,  Westminster, 
on  Thursday  evening,  February  8th,  1900 — Professor 
SiLVANUS  P.  Thompson,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  hold  on 
January  25th,  1900,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  the  list 
should  be  suspended  in  the  Library. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council — 

From  the  class  of  Associates  to  that  of  Associate 
Members : — 

Walter  J.  Betsey.        .  I  George  Douglas  Collins. 

J.  F.  M.  Bennett.  |  Victor  Jacques  Delebecque. 

Charles  Stirling. 

From  the  class  of  Students  to  that  of  Associates — 

Alfred  Norman  Dixey.  |  Sydney  Richard  Inch. 

John  Henry  Johnson. 

Messrs.  A.  E.  Levin  and  S.  J.  Clay  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 

A  donation  to  the  Library  was  announced  as  having 
been  received  since  the  last  meeting  from  Mr.  J.  E.  Petavel, 
to  whom  the  thanks  of  the  meeting  were  unanimously 
accorded. 

The  President  :  I  have  an  announcement  to  make  to 
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the  Institution  which  shows  us  that  our  late  Past- President, 
Professor  Hughes,  bore  us  in  mind  even  to  the  last,  he 
having  left  us  a  bequest  in  his  will.  I  have  received  a  letter 
from  Mr.  Christmas,  who  was  his  solicitor,  dated  Februarj' 
6th,  enclosing  the  following  extract  from  the  will : — 

"  I  direct  and  declare  that  the  Legacy  of  Two  Thousand 
pounds  so  bequeathed  to  the  said  Institution  of  Electrical 
Engineers,  of  which  I  am  Past-President,  shall  be  invested 
by  them  in  any  manner  for  the  time  being  authorised  by 
Law  for  the  investment  of  Trust  funds  for  the  purpose  of 
founding  in  connection  with  that  Institution  a  Scholarship 
Fund  to  be  called  the  David  Hughes  Scholarship  Fund. 
And  I  direct  that  the  annual  income  produced  by  the 
investments  for  the  time  being  constituting  that  Fund  shall 
be  given  each  year  to  a  Student  preparing  himself  for  the 
career  of  an  Electrical  Engineer  under  conditions  similar  in 
all  respects  to  those  under  which  the  Fund  now  known  as 
the  Sir  David  Salomons  Scholarship  Fund  is  administered, 
but  so  that  if  and  so  often  as  for  any  reason  the  Scholarship 
hereby  founded  shall  not  be  for  any  given  year  awarded  to 
any  Student,  the  annual  income  of  the  Fund  for  that  year 
shall  be  invested  in  manner  aforesaid  and  added  to  the 
Capital  of  the  David  Hughes  Scholarship  Fund." 

On  receipt  of  this  letter  I  acknowledged  it  to  the  solicitor 
in  the  name  of  the  Institution,  and  I  am  sure  you  would 
wish  to  join  with  the  Council  in  sending  a  formal  expres- 
sion of  grateful  acceptance  by  th'e  Institution  to  the 
Executors  of  our  late  Past-President. 

The  Secretary  will  now  read  the  list  of  Officers  and 
Committee  elected  by  the  Newcastle  Local  Section  of  the 
Institution  at  their  last  meeting. 

The  Secretary  read  the  list  as  follows  : — 

Officers  and  Committek  of  the  Newcastle  Local  Section. 

Chairman — A.  W.  Heaviside. 
VicC'CJiairman — ^^\^  D.  Hunter. 

Committee, 

C.  lUiriiet.  I        J.  A.  Jcckcll. 

n.  F".  FricdricUs.  \        W.  C.  Mountain. 

•  J.  H.  Holmes.  ■        The  Hon.  C.  A.  Parsons. 

Hon.  Sicrchiry^].  F.  C.  Sneli. 
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THE   STANDARDISATION   OF  ELECTRICAL 
ENGINEERING   PLANT. 

By  R.  Percy  Sellon,  Member. 

To  the  user  of  electrical  engineering  plant,  not  less  than  , 
to  the  producer,  the  subject  of  its  standardisation  is  one  of 
great  practical  importance. 

By  "  standardisation  "  is  meant  the  general  acceptance, 
to  a  far  greater  extent  than  at  present  obtains  in  this  country, 
of  certain  standards  of  output,  quality,  efficiency,  or  other 
characteristics  of  electrical  engineering  plant,  to  meet  ordi- 
nary requirements  of  usage  for  light,  traction,  and  power. 

I.  Of  the  four  chief  ingredients  of  successful  competitive 
production,  viz.  :  {a)  cheap  labour  (not  to  be  confounded 
with  low  wages) ;  (6)  cheap  materials  ;  (c)  efficient  manage- 
ment, and  (d)  repetition  manufacture,  much  has  been  said 
and  written  of  the  first  three,  but  little  of  the  last.  And  yet 
every  manufacturer  of  experience  knows  that  it  is  as  influ- 
ential a  factor  in  determining  not  only  his  own  profit,  but 
decisive  advantages  to  the  user,  as  any  of  the  factors  of 
labour,  materials,  or  supervision.  In  order  to  convince 
oneself  of  this,  it  is  only  necessary  to  consider  the  influence 
of  repetition  manufacture  upon  the  price  and  reliability  of 
any  article  of  common  use, — say,  in  our  own  industry, 
incandescence  lamps  and  their  accessory  fittings,  in  respect 
of  which  some  measure  of  standardisation  has  been  evolved  ; 
and  to  reflect  what,  on  the  other  hand,  the  cost  would  be  if 
many  manufacturers  or  users  adopted  different  standards. 

In  the  early  years  of  an  industry,  experiment  and  develop- 
ment by  trial  and  error  are  desirable  and  inevitable  in  order 
to  ascertain  the  possibilities  and  limitations  of  the  art.  But 
as  the  stage  of  repetition  public  demand  is  reached,  stan- 
dardisation becomes  increasingly  possible  and  advantageous. 

Its  advance  is,  however,  liable  to  be  retarded  by  a  number 
of  causes,  notable  among  which  are  the  folly  of  some 
producers,  and  the  ignorance  of  many  users. 

There  are  always  some  manufacturers  who  think  that  by 
supplying  a  special  or  unique  type  of  apparatus  to  the  buyer 
they  will  force  him  into  placing  his  future  orders  with  them. 
Hence  they  resist  any  tendency  towards  standardisation. 

There  are  also  many  buyers  who  allow  themselves  to  be 
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persuaded  into  t]ie  belief  that  in  securing  something  new 
and  different  from  previous  usage  they  are  doing  well  for 
themselves  and  giving  evidence  of  superior  intelligence: 
whereas  the  probability  is  that  they  are  paying  a  higher 
price  for  a  less  reliable  article. 

There  is  a  third  class  who  believe  that  standardisation 
is  the  business  of  the  producer  only  :  and  that  the  user  need 
not  concern  himself  to  assist  in  bringing  about  a  condition 
of  things  for  which  every  manufacturer  who  knows  his 
business  eagerly  strives.     This  view  is  erroneous. 

The  intelligent  producer  is  undoubtedly  deeply  con- 
cerned in  the  advent  of  standardisation  ;  because  it  means 
for  him  the  possibility  of  repetition  manufacture — on  the 
manifold  advantages  of  which  it  is  not  necessary  to  dwell. 

But  to  the  user,  if  he  would  only  realise  it,  the  fruits  of 
standardisation  are  equally  beneficial ;  for  they  involve  for 
him  the  following  advantages  : — 

(a)  Less  capital  outlay. 

(ft)  Prompt  delivery. 

(c)  Immunity  from  the  risks  attendant  on  novel  designs. 

(d)  Full  manufacturer's  guarantees. 

2.  Viewed  from  the  "  patriotic  "  standpoint,  this  subject 
acquires  also  special  significance  in  these  days  of  acute 
struggle  between  British,  American,  and  Continental  manu- 
facturers for  our  own  and  the  world's  markets  in  electrical 
wares. 

The  causes  which  underlie  the  ability  of  American  and 
Continental  producers  to  compete  keenly  and  successfully 
with  the  British  electrical  manufacturer  are  several,  and 
generally  outside  the  scope  of  this  paper.  But  conspicuous 
among  them  is  the  fact  that  the  former  have  (as  any  one 
who  has  visited  their  leading  workshops  can  testify)  attained 
to  a  degree  of  repetition  manufacture  superior  to  the 
British  producer. 

This  fact  is  so  noteworthy  as  to  constitute  in  itself  a 
telling  argument  in  favour  of  increased  standardisation 
among  us  :  for  the  flood  of  American  electrical  engineering 
plant  into  Great  Britain  is  swelling  in  spite  of  the  fact  that 
we  have  the  advantages  of  lower  wages,  (on  the  whole) 
cheaper  materials,  and  a  longer  experience  of  factory 
organisation. 

3.  It  therefore  becomes  important  to  endeavour  to  trace 
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the  cause  of  this  preferential  position  held  by  our  foreign 
rivals.  The  explanation  would  appear  to  lie  in  a  difference 
of  procedure. 

According  to  American  and  Continental  practice  the 
producer  determines,  in  a  large  measure,  the  character  of 
the  plant  employed  by  the  user  ;  while  according  to  British 
custom  the  buyer  very  generally  imposes  upon  the  manu- 
facturer not  merely  a  specification  of  the  ends  he  wishes  to 
attain,  but  the  details  of  means  by  which  he  desires  those 
ends  to  be  achieved. 

This  is  due  to  the  fact  that  under  the  American  and 
Continental  system  producers  largely  secure  outlets  for  their 
manufactures  through  the  agency  of  powerful  financial 
organisations  created  by  and  allied  to  their  interests,  who 
are  concerned  simply  with  commercial  results,  and  are 
content  to  leave  the  technical  means  of  attaining  them  to 
the  manufacturing  interests  with  whom  they  co-operate. 
In  America  these  organisations  take  the  form  of  colossal 
Trusts  or  consolidations  of  competing  interests ;  on  the 
Continent  that  of  Industrial  Banks.  In  either  case  there  is 
a  close  relation  between  producer  and  buyer. 

In  Great  Britain,  on  the  other  hand,  the  demand  for 
electrical  engineering  plant  in  recent  years  has  issued 
chiefly  from  local  authorities,  or  from  private  users  uncon- 
nected with  any  manufacturing  interests ;  and  these  have 
very  naturally  had  recourse  to  electrical  engineers  acting 
in  a  consulting  capacity  or  passing  permanently  into  their 
service,  to  guide  them  in  the  choice  of  plant  to  fulfil  their 
requirements. 

That  the  practical  operation  of  this  system  in  the  past 
has  been  primarily  responsible  for  the  relative  absence  of 
standardisation  in  this  country,  with  its  attendant  evils 
alike  to  user  and  producer,  appears  certain.  For  the  user's 
engineer  has  frequently  been  out  of  touch  with  manufac- 
turers ;  and  the  temptation  to  strike  out  on  new  and  "  showy  " 
lines,  suggestive  of  individuality,  ability,  or  foresight,  has,  in 
the  vei-y  nature  of  things,  been  great.  The  result  has  been 
the  issue  of  specifications  too  often  calling  for  wanton 
divergences  from  previous  practice  or  existing  manufacturers' 
standards. 

The  source  of  the  evil  is  traceable  to  the  fact  that  the 
buyer's    engineer   has  gradually   overstepped    the   rational 
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function  of  stating  the  ends  or  performance  required  by  the 
buyer,  and  has  proceeded  to  specify  in  minute  detail  the 
means  or  constructional  methods  by  which  the  required 
results  are  to  be  achieved,  without  taking  responsibility  for 
the  result. 

It  is  not  necessary  to  adduce  specific  examples  in  illus- 
tration of  this  statement,  because  the  author  believes  that  it 
is  one  which  no  fair-minded  electrical  engineer  acquainted 
with  the  facts  will  dispute.  There  is  no  difficulty  in  pro- 
ducing overwhelming  evidence  of  its  truth  if  such  be 
required. 

To  the  same  primary  cause  may  probably  be  traced  the 
variety  in  size  and  character  of  the  power  units  in  many  of 
the  central  stations  of  Great  Britain — another  instance  of 
"  splendid  isolation  "  in  our  methods  ;  for  foreign  practice  is 
at  one  in  adopting  fewer  and  larger  units,  uniform  in  size 
and  character  from  the  commencement.  Whether  advan- 
tages of  temporarily  reduced  capital  outlay  and  higher 
efficiency  under  our  system  are  a  sulHficient  compensation  for 
loss  of  interchangeability  and  periodical  relegation  of  plant 
to  the  old  metal  market,  remains  to  be  proved  when  the 
bills  are  presented  later  on  and  contrasted  wuth  one  another. 
Meantime  it  is  interesting  to  note  that  one  result  of  our 
procedure  is  the  comparative  unpreparedness  of  British 
manufacturers  to  compete  with  foreign  producers  in  the 
common  markets  of  the  world  as  regards  large  units. 

4.  Whether  British  collectivism  is  on  the  whole  a  more 
healthy  medium  than  American  or  Continental  private  enter- 
prise for  the  progressive  growth  of  the  electrical  engineer- 
ing industry  is  a  large  question  outside  the  scope  of  this 
paper.  We  have  here  to  accept  it  as  a  fact,  and  consider 
whether  an  evil  which  it  has  brought  in  its  train  is  a 
necessary  one ;  and  if  not,  how  it  can  be  averted  for  the 
future. 

Assuming,  then,  that  the  buyer's  engineer  has  come  to 
stay,  it  would  appear  that  a  condition  precedent  to  the 
standardisation  of  plant  is  the  standardisation  of  the  buyer  s 
engineer. 

The  fundamental  fact  requiring  appreciation  is  that 
standardisation,  to  the  greatest  degree  possible,  is  in  the 
interest  of  the  user  at  least  as  much  as  that  of  the  manu- 
facturer. 
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From  this  we  may  pass  on  to  postulate  that  standardisa- 
tion is  primarily  the  function  of  the  producer  and  not  of  the 
user  or  his  engineer,  because  the  former  is  in  a  better  posi- 
tion to  determine,  experimentally  and  by  his  more  intimate 
knowledge  of  the  means  of  production,  the  direction  and 
extent  to  which  it  is  possible.  Inasmuch  as  the  manu- 
facturer's success  is  dependent  on  the  judgment  with  which 
he  creates  or  responds  to  public  demand,  there  exists  always 
an  efficient  safeguard  that  he  will  not  (consciously)  standardise 
on  unsuitable  or  inefficient  lines. 

The  user,  on  the  other  hand,  is  of  course  the  proper 
judge  as  to  the  results  he  wishes  to  achieve. 

It  would  appear,  therefore,  that  the  initial  obstacle  to  a 
greater  measure  of  standardisation  than  at  present  obtains 
would  be  removed  if  the  user  or  his  engineer  would  confine 
himself  to  stating  the  ends  he  has  in  view,  leaving  it  to  the 
producer  to  furnish  the  meanswhercby  they  may  be  attained. 

If  this  procedure  were  adopted,  users  would  still  retain 
full  liberty  of  choice  between  the  products  of  different  manu- 
facturers, while  the  latter  would  have  an  opportunity  (which 
imder  the  present  system  of  detailed  specifications  they  do 
not  enjoy)  of  undertaking  repetition  manufacture,  assuming 
that  they  have  sufficient  confidence  in  the  substantial  har- 
mony between  their  designs  and  public  requirements  to  take 
the  risk  of  quantitative  production. 

This  system  would  have  the  incidental  advantage  that  the 
producer  could  then  be  properly  called  upon  to  guarantee 
results,  since  the  responsibility  of  selecting  the  means  to 
attain  them  would  rest  exclusively  with  him.  The  present 
custom  too  often  imposes  upon  the  manufacturer  a  mass  of 
fantastic  detail  emanating  from  the  brain  of  the  user  or  his 
engineer,  for  which  he  is  called  upon  to  take  responsibility  : 
an  illogical  system  which  can  only  be  compared  to  the  pro- 
position that  every  man  should  be  expected  to  father  another 
man's  child. 

It  may  be  objected  that  the  general  adoption  of  the 
coui-se  suggested  would  lead  to  stagnation  in  develop- 
ment, and  that  the  producer,  relieved  from  the  constant 
pressure  of  change  now  exerted  by  the  user,  would  settle 
down  to  the  perpetuation  of  antiquated  designs — to  the  dis- 
advantage of  the  public  and  the  fetish  of  Progress.  The 
^.nswer  to  this  is,  firstly,  that  much  of  the  change  hitherto 
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demanded  has  been  wanton  and  retrogressive ;  secondly, 
that  competition  within  the  ranks  of  manufacturers  them- 
selves must  always  prove  a  sufficient  stimulus  to  keep  abreast 
of  public  demand  ;  and  finally,  that  it  is  largely  by  the  adop- 
tion of  the  system  suggested  that  American  and  Continental 
producers  are  snatching  trade  from  the  British  manufacturer 
in  his  own  market. 

5.  If,  then,  the  principle  be  accepted  that  standardisation, 
with  the  qualification  named,  is  for  the  adx^antage  alike  of 
producer  and  user,  we  may  pass  on  to  consider  how  far,  and 
by  what  means,  it  is  capable  of  beneficial  extension. 

Standardisation  presupposes  such  a  substantial  and  suffi- 
ciently enduring  demand  for  an  article  as  to  make  it  worth 
the  while  of  manufacturers  to  incur  the  requisite  outlay  in 
time  and  money  to  achieve  it.  Hence,  as  already  mentioned, 
in  the  early  and  experimental  stages  of  an  industry  it  is 
neither  possible  nor  desirable.  The  period  at  which  it  be- 
comes practicable  is  largely  one  for  the  judgment  of  pro- 
ducers. But  from  the  preceding  argument  it  is  evident  that 
the  user  plays  an  influential  part  in  hastening  or  retarding 
its  advent : — as  is  proved  by  the  fact  that  standardisation  is 
much  further  advanced  for  the  same  character  of  products 
abroad  than  in  Great  Britain.  This  clearly  indicates  that 
it  is  the  system  in  this  country,  and  not  the  infancy  of 
the  industry,  that  is  responsible  for  this  condition  of 
affairs. 

Standardisation,  to  be  enduring,  must  proceed  on  lines 
which  shall  be  beneficial  alike  to  the  producer  and  user.  It 
follows  that  any  attempt  to  stereotype  detail  of  design  or  con- 
struction must  ultimately  fail  in  its  object,  because  such  a 
course  will  not  be  adapted  to  the  varying  manufacturing 
facilities  of  different  producers;  nor  will  be  acceptable  to  the 
user,  since  it  must  prove  restrictive  of  constructional  improve- 
ment and  involve  the  buyer  in  paying  a  higher  price  for  an 
article  which  the  producer  will  decline  to  effectively  guaran- 
tee. In  other  words,  enduring  mutual  advantage  to  pro- 
ducer and  buyer  will  only  result  if  standardisation  be  confined 
to  ends  or  performance  ;  an'd  not  to  means  or  constructional 
detail. 

Under  the  term  "  ends  "  or  "  performance  "  as  opposed 
to  "  means "  or  "  constructional  detail "  would  fall  the 
following  :  — 
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(a)  Steam  pressure. 

(ft)  Electrical  pressure  of  generation. 

(c)  Electrical  pressure  of  distribution. 

(d)  Periodicity  of  alternate  current  generation. 

(e)  Sizes  of  generating  steam  units — (say  in  convenient 

fractions  or  multiples  of  horse-power  or  kilowatts). 
(/)  Sizes  of    mains   (say   in   convenient    fractions    or 

multiples  of  a  square  inch  or  other  unit). 
(g)  Sizes  of  motors  ; 
and  similarly  as  regards  transformers,  arc  and  incandescence 
lamps,  and  essential  fittings  and  accessories. 

That  much  can  be  done  in  this  direction  is  evidenced  by 
the  ease  and  rapidity  with  which,  as  regards  electric  traction, 
we  have  acquiesced  in  the  standards  of  pressure,  general 
construction,  and  types  of  motors,  trucks,  and  accessories, 
prevalent  in  America.  There  can  be  little  doubt  that  had 
practical  electric  traction  originated  with  us,  instead  of  being 
an  imported  art  from  the  United  States,  we  would  still  be 
in  the  stage  in  which  buyers'  engineers  would  be  creating 
different  "standards  "  of  their  own  composing,  while  every 
producer  would  be  expected  to  manufacture  and  guarantee 
a  corresponding  variety  of  designs. 

The  author  understands  that  most  of  the  leading  electric 
cable  manufacturers  in  this  country  have  already  adopted, 
by  agreement  among  themselves,  certain  standards  in  their 
own  department  of  production.  The  question  of  standard- 
isation has  also  for  some  time  received  attention  at  the 
hands  of  the  Electrical  Engineering  Plant  Manufacturers' 
Association.  Again  the  Municipal  Electrical  Association,  a 
body  thoroughly  representative  of  the  municipal  user's 
interests,  has  given  evidence  of  its  readiness  to  co-operate 
with  manufacturers  in  the  direction  of  standardisation  of 
the  commercial  conditions  of  contracts  for  electrical  plant. 
Its  representatives  have  met  in  conference  representatives 
of  the  Electrical  Engineering  Plant  Manufacturers'  Associa- 
tion and  have  agreed  upon  certain  general  conditions  as 
a  basis  for  specifications  of  plant  required  by  local  authori- 
ties; and  the  outcome  has  undoubtedly  been  beneficial. 
It  is  evident,  therefore,  that  the  whole  subject  is  ripe  for 
consideration  on  the  broader  basis  of  harmonising,  by 
adequate  representation  and  discussion,  all  sections  of  users' 
interests  with  those  of  producers. 
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6.  It  is  not  possible  to  enter  in  this  paper  upon  the  con- 
sideration of  the  actual  formulae  which  might  constitute 
standards  for  the  future.  This  is  a  very  large  and  important 
question  demanding  much  careful  thought  and  discussion. 
The  machinery  for  this  purpose  already  exists,  at  any  rate  as 
a  nucleus,  in  the  Uniformity  Committee  of  this  Institution, 
appointed  shortly  after  the  submission  of  a  highly  suggestive 
paper  on  "  Uniformity  of  Plant,"  by  Mr.  C.  H.  Wordingham, 
before  the  Municipal  Electrical  Association  in  the  summer 
of  1898.  But  beyond  a  word  of  advice  on  the  subject  of 
standard  periodicities,  nothing  has  so  far  issued  publicly 
from  the  deliberations  of  this  Committee  extending  over 
eighteen  months.  At  this  rate  we  may  become  irretrievably 
committed  to  many  steps  which  all  may  live  to  regret,  before 
effective  results  are  obtained  ;  for  an  unexampled  expansion 
in  every  department  of  electrical  engineering,  notably  those 
of  electric  traction  and  of  power  distribution  over  extensive 
areas,  appears  about  to  take  place  in  this  country. 

The  author  ventures  to  suggest  that  additional  weight  and 
acceleration  to  the  work  of  the  Committee  of  the  Institution 
would  be  given  if  it  w^ere  strengthened  by  the  addition  of 
representatives  of  all  interests  concerned,  viz.,  those  of  the 
manufacturer,  user,  consulting  engineer,  and  user's  engineer. 
The  Institution  might  also  encourage  the  submission  of 
papers  suggestive  of  standards  for  various  classes  of  electrical 
engineering  plant  and  accessories.  These,  together  with  the 
views  which  would  be  brought  out  in  discussion,  would  serve 
as  a  valuable  guide  to  a  representative  Committee. 

In  conclusion,  the  propositions  which  the  author  has 
endeavoured  to  establish  may  be  briefly  recapitulated  as 
follows  : — 

(a)  Standardisation,  to  a  greater  degree  than  at  present 
exists,  is  in  the  interest  of  the  manufacturer  ;  as  a 
means  of  facilitating  repetition  production  and  of 
meeting  the  competition  of  standardised  foreign 
manufactures. 

(/))  Standardisation  of  "  ends  "  or  "  performance  "  as  dis- 
tinct from  "  means"  or  "constructional  details  "  is 
equally  in  the  interest  of  the  user ;  by  securing  for 
him  low  purchase  cost,  prompt  delivery,  freedom 
from  the  risks  of  experimental  design,  and  full 
manufacturer's  guarantees. 
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(c)  The  relative   absence   of    standardisation    in   Great 

Britain,  in  contrast  with  other  countries,  is  mainly 
traceable  to  the  prevailing  system  wherein  the 
user's  engineer  specifies  "  means  "  or  "  construc- 
tional details,"  instead  of  confining  himself  to 
"  ends  "  or  "  performance." 

(d)  The  determination  of  standards  by  organised  effort, 

rather  than  by  the  slow  and  costly  process  of "  trial 
and  error,"  is  desirable,  and  should  be  undertaken 
under  the  auspices  of  the  Institution  of  Electrical 
Engineers,  as  representing  the  interests  of  both 
producer  and  user. 

P.S. — The  accompanying  table  of  Central  Stations  in 
Great  Britain,  with  particulars  of  system,  periodicity,  generat- 
ing pressure,  and  distributing  pressure  employed,  is  adduced 
for  the  convenience  of  members. 
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Table  showitig  System  in  Periodicity,  Generating^  Pressnic 
and  Distribnting  Pressnre  in  the  Central  Stations  of 
Great  Britain. 


GEXERATIN'C 

PRESSI'RK 

Name  of  Station. 

System. 

Periods. 

Pressire. 

AT  L\Ml-i 



(\j 

Yt>lts. 

Volts. 

Aberdeen           

Direct  Three-Wire 

... 

448 

220 

Aberystwith       

Alternating 

100 

2,050 

100  &  220 

Alderley  Edge 

Direct  Three- Wire 

420-460 

210 

Altrincham        

Alternating 

8*0 

2,000 

100 

Ashton-under-Lyne 

Direct  Three- Wire 

440 

Traction 
550 

200 

Ayr          

Alternating 

60 

2,100 

100*200 

Barking 

Direct  Three-Wire 

460-500 

230 

Barnsley 

Do. 

450 

230 

Barrow 

H.  T.  Continuous 

... 

1,100 

220 

Bath        ...       

Alternating 

100 

2,000 

100 

Bedford 

Do. 

6o 

2,000 

100 

Belfast     

Direct  Three-Wire 

440-500 

220 

Bexhill 

Do. 

... 

440 

... 

Birkenhead        

Do. 

460 

230 

Birmingham      

Do. 

... 

no  &  220 

Blackburn          

Alternating 

50 

2,000 

II0&  220 

Ditto 

Direct  Three-Wire 

230-250 

1 10  &  220 

Blackpool           

Alternating 

83 

2,000 

200 

Bolton      

Do. 

83 

2,000 

100 

Bournemouth     

Do. 

lOO 

2,200 

100  &  200 

Bradford 

Direct  Three-Wire 

250  &  500 

230 

Bray        

Alternating 

to 

1,000 

100 

Brighton 

Direct  Three- Wire 

300 

115  &  230 

Ditto 

Alternating 

70 

2,400 

115&  230 

Bristol     

Do. 

93 

2,050 

105  or  210 

Burnley 

Direct  Three-Wire 

220-240 

'220 

Burton-(^n-Trent 

Alternating 

75 

2,000 

100 

Bury        

Direct  Three-Wire 

230 

220 

Cambridge         

Alternating 

90 

2,000 

100  &  200 

Canterbury         

Direct  Three-Wire 

440 

220 

Cardiff     .: 

Alternating 

40 

2,500 

100*200 

Charing  Cross  Co. 

Direct  Three-Wire 

100  &  1,000 

100  &  200 

Carlisle 

Do. 

460 

230 

Chatham 

Alternating 

100 

2,400 

100 

Chelmsford        

Do. 

100 

2,100 

100 

Chelsea 

Direct  Three- Wire 

100  &  200 

Cheltenham       

Alternating 

93 

2,200 

100  &  200 

Chester 

Direct  Tliree-Wire 

440 

210 

Chislehurst         

Do. 
Using   Motor-Altr. 
and  buying  H.T. 

Energy 

... 

420 

210 

City  of  London 

Alternating 

100 

2,000 

100  &  200 

Coatbridge         

Do. 

100 

2.080 

100 

Colchester          

Direct  Three- Wire 

... 

220 

105 

a)rk        

Do. 

1         500 

230 
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Xasje  of  Station-. 

System. 

Periods. 

Generating 
Pressure. 

Volls. 

Prp:ssurk 
AT  Lamps. 

r\j 

Volts. 

County  of  London 

Alternating 

100 

2,100-2,200 

100 

Direct       

530 

Power  510 

Alternating  (2- 

phase      

50 

2,100-2,200 

200 

Coventry 

Alternating 

»7 

2,000 

200 

Croydon  

Do. 

60 

2,000 

200 

Crystal  Palace  Co. 

H.T.  Direct 

1,000-1,100 

100 

Darwen 

Direct  Three-Wire 

460-500 

2.^0 

Derby      

Alternating 

40 

2,000 

102  &  205 

Dewsbury          

Direct  Three-Wire 

250 

1 10  &  220 

Dover     '. 

Alternating 

100 

2,000 

100 

Direct  (Tramway) 

... 

500 

500 

Dublin     

Alternating 

H3 

2,100 

100 

Dundee 

Direct  Three- Wire 

220 

200 

Ealing     

Alternating 
Series     D.C.     Arc 

40 

2,000 

102 

Lighting 

... 

1,800 

100 

Eastbourne         

Alternatinfr 
Series     D.C.     Arc 
Lighting 

83 

1,800 

100 

Eccleh      

Alternating 

5<i 

2,000 

200 

Edinburj»h          

Direct  Three- Wire 

... 

115  &  230 

Alternating 

50 

2,100 

Exeter     

Do. 
Series    D.C.     Arc 
Lighting 

100 

2,000 
1,600 

100 

Folkestone         

Direct  Three-Wire 

460 

210 

Galway 

Direct       

•  •• 

130 

no 

Glasgow 

Direct       

... 

50O&()0O 

250 

Gloucester          

Direct  Three- Wire 

... 

250 

Guildford           

Direct       

400 

200 

Halifax 

Alternating 
Direct   for   Tram- 
ways and  Power 

80 

2,000 

200 

Hammersmith 

Alternathig 

50 

2,200 

no 

Hampstead        

Do. 
Series     D.C.     Arc 
Lighting 

90 

... 

2,000 
I,^CX) 

100-105 

Hanley 

Alternating 
Series    D.C     Arc. 
Lighting 

100 

2,000 
1,500 

200  &  100 

Harrogate          

Alternating 

50 

2,000 

200  &  100 

Harrow 

Direct  Three- Wire 

... 

470 

220 

Hastings 

Alternating 

100 

2,000 

100  &  200 

Hove        

Direct  Three-Wire 

220 

220 

Huddcrsfieid      

Alternating 

100 

2,000 

100  &  200 

Hull         

H.T.  &  L.T.  Direct 

... 

2,250,  450 
&225 

1 10  &  220 

Islington 

Alternating 

50 

2,000 

100  &  200 

KeKinside          

Direct       

150 

100 

Kenitington  &  Brompton 

Alternating 

2,000 

100 
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Name  of  Station. 

SYSrrEM. 

Periods. 

Generating 
Pressure. 

Volts. 

Pressure 
at  Lamps. 

f\j 

Volts. 

Kensington  &   Knights- 

bridge  

Direct  Three-Wire 

... 

1 10  &  220 

100  &  200 

Keswick 

Alternating 

75 

2,000 

Kiirarney           

Do. 

100 

2.000 

100 

Kingston-on-Thames   ... 

Do. 
D.C.  Arc  Lighting 

77 

2,100 
1,000 

105 

... 

Lambeth 

Alternating 

Lancaster          

Direct  Three- Wire 

... 

240  &  120  1  200  &  100 

Lame      

Alternating 

IfX) 

2,200 

100 

Leamington       

Direct      i 

... 

113 

Leeds      

Alternating 

«3 

2,000 

100  &  200 

Leicester 

Do. 

50 

2,000 

100  &  200 

Leith       

Direct  Three-Wire 

460 

230 

Leyton     

Do. 

... 

150 

Lincohi   

Do. 

... 

460 

230 

Liverpool           

Direct       

... 

... 

230 

Llandudno         

Direct  Three-Wire 

... 

440 

220 

London  (part)     

Alternating 

83 

10,000 

Londonderry     

Continuous       Arc 
Lighting 

3,000 

... 

Manchester        

Direct  Multi-Wire 

400 

100,  200, 

300  or  400 

Metropolitan  Co. 

Alternating 
Direct  Three-Wire 

... 

... 

200  &  100 
200  &  100 

Middlesbrough 

Direct      

440 

... 

Monmouth         

Alternating 

60 

3.000 

120 

Morecambe        

Direct       

1,400 

220 

Morley 

Alternating 

60 

2,000 

200 

Nelson     

Direct       

120 

112 

Newcastle-on-Tyne  (pari) 

Alternating 

100 

2,000 

100 

Do. 

80 

1,000 

100 

Newington         

Direct  Three-Wire 

450-500 

220 

Newmarket        

Do. 

420-460 

210 

Newport 

Alternating 

8'7-5 

2,000 

^2^ 

Northampton     

Direct  Three-Wire 

... 

220 

105  &  210 

Norwich 

Do. 

... 

250 

110  &  220 

Nottingham       

Do. 

220 

100  &  200 

NottingHill       

Do. 

200 

100  &  200 

Oldham 

Direct       

... 

... 

210 

Oswestry            

Direct       

... 

230 

220 

Oxford 

Direct       

1,000 

100 

Paisley 

Alternating 

50 

2,000 

200 

Pembroke          

Direct  Three- Wire 

250 

Plymouth           

Alternating 
Direct  for   Tram- 

50 

2,000 

200  &  100 

ways      

... 

520 

500 

Pontypool          

Direct       

135 

100 

Poplar     

Direct       

450-570 

... 

Portsmouth        

Alternating 

50 

2,000 

100 

Prescot    

Do. 

100 

2,000 

100 

Preston 

Direct  Three-Wire 

120  &  250 

1 10  &  220 

Alternating 

50 

2,000 

220 
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Name  ok  Station. 

System. 

Pfriods. 

Generating 
Pressure. 

Volts. 

Pressure 

AT  La  MI'S. 

rv 

Volts. 

Rathmincs          

Direct  Three-Wire 

. 

250 

... 

Reading  ...  .     

Alternating 

67 

2,000 

100  &  200 

Direct  Three-Wire 

400-450 

100  &  200 

Richmond          

Do. 

1 15-230 

1 10  &  220 

Rochdale            

1           Do. 

1 

44O-4»0 

... 

St  Helens          

1  Alternating 

6o 

2,000 

100  &  200 

Direct  Three-Wire 

460 

230 

St.  James*,  Westminster 
St.  Pancras         

Do. 

107 

Do. 

... 

no  &  220 

Salford     

Do. 

Alternating 

75 

3,000 

... 

Salisbury             

Direct  Three-Wire 

450 

210 

Scarborough       

(Alternating 

Jii 

2,000 

100  &  200 

Sheffield 

,           Do. 

lOO 

2,050 

100  &  200 

Shoreditch          

Direct       

1 

1,100 

Shrewsbury        

Direct  Three- Wire 

420 

210 

Southampton      

Do. 

230 

100  &  200 

Alternating 

50 

2,200 

100  &  200 

Sijuthport           

Do. 

50 

2,100 

ioa&20o 

South  Shields     

Do. 

50 

2,000 

1 10  &  220 

Stafford 

Direct  Three- Wire 

108  &  216 

105  &  210 

Stockport           

Do. 

460 

230 

Sunderland         

Do. 

... 

440 

1 10  8c  220 

Swansea 

Do. 

... 

440 

... 

Taunton 

.Vlternating 

... 

2,000 

100  &  200 

Torquay  

Do. 

50 

2,100 

200 

Tunbridge  Wells 

1           Do. 

68 

2,100 

220 

Yentnor 

1  Direct  Three-Wire 

420-460 

210 

Wakefield          

Alternating 

60 

2,000 

200 

Wallasey 

Do. 

50 

2,000 

100 

Walsall 

Direct       

2,000 

105 

Watford 

Alternating 

50 

2,100 

200 

West  Ham          

Do. 

50 

2,000 

100 

Westminster       

Direct  Three-Wire 

225 

100  &  200 

Whitehaven       

Do. 

... 

210-240 

100 

Wimbledon        

Alternating 

50 

2,200 

Winchester        

1  Direct  Three- Wire 

420-460 

210 

Woking 

1  Alternating 

100 

2,000 

100 

Wolverhampton 

1  Direct       

... 

2,000  &  460 

110,  220, 
&  440 

Woolwich          

Direct  Three-Wire 

420 

... 

Worcester          

Alternating 

100 

2,200 

100 

Wycombe          

'  Direct  Three-Wire 

420 

210 

Yarmouth          

Alternating 

83-5 

2,000 

100 

Number  of  Direct-Current  Three- Wire  Stations  =  73 
„  „    Direct-Current  High-TL'iision     „        =    (> 


Alternating-Current  „        =62 

„         „    Combined  A.C.  and  D.C.  „        =16 

Periodicities : — 

f\J    =  100, 
Number  of  ) 
Stations    J 
AlUrnatitig-Current  Generating  Voltages : —  ^  j 

I0,003V.,  3,000  V.,  2,600-2,400V.,  2,200-2.000  v.,  I,800-l,6$JQeYkwt,9<®®^lC 

122  66  I  I      ^ 
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Crompton  ^^'  ^^OMPTON  :  Mr.  Sellon's  paper  is  a  paper  of  arguments,  but  we 

are  so  thoroughly  in  agreement  with  him  in  pretty  nearly  every  one  of 
them,  that  it  is  not  easy  for  the  paper  to  be  effectually  criticised  in  a 
manner  which  can  be  of  any  service  to  us.  We  must  agree  with  Mr. 
Sellon,  and  I  think  we  must  all  try  to  help  him  to  carry  out  the  sugges- 
tions contained  in  the  last  paragraph  of  his  paper  ;  that  is  to  say,  that 
this  Institution  should  encourage  the  submission  of  papers  suggestive 
of  standards,  and  that  the  Uniformity  Committee  should  be  strengthened. 
I  will  confine  myself  to  making  a  few  general  observations. 

Mr.  Sellon  commenced  by  pointing  out  that  there  are  disadvantages 
in  introducing  standardisation  into  any  industry  at  too  early  a  stage, 
and  that  is  undoubtedly  the  case.  Up  to  the  present  time,  in  England, 
the  manufacturers  have  suffered  from  the  vagaries  of  the  consulting 
engineer  in  not  allowing  them  to  adopt  a  greater  degree  of  standardisa- 
tion than  has  been  the  case.  I  do  not  think  that  very  much  harm  has 
been  done  up  to  the  present.  Probably  a  still  greater  degree  of  harm 
would  have  followed  if  standardisation  of  manufacture  had  been 
carried  out  much  earlier.  I  will  give  one  or  two  instances.  Mr. 
Sellon  gives  a  list  of  central  stations,  no  doubt  with  a  view  of  showing 
whdi  wide  variations  of  practice  exist  in  all  classes  of  generating 
plant.  From  the  small  variety  of  pressures  therein  shown,  I  think  that 
the  list  proves  that  the  consulting  engineers  who  have  been  responsible 
for  the  station  supply  have  not  varied  very  much.  The  loo  volts  for 
continuous  supply  was  fixed  upon  practically  by  the  lamp  manufacturers. 
It  was  for  many  years  supposed  to  be  the  limit  at  which  a  suitable  lamp 
could  be  manufactured,  and  it  was  raised  to  the  extent  of  lo  per  cent, 
(from  loo  to  i  lo)  to  suit  the  burning  of  two  arc  lamps  in  series  on  the  same 
circuit.  After  lamps  of  this  voltage  had  been  in  use  for  several  years, 
it  was  discovered  that  manufacturers  could  make  the  lamps  of  much 
higher  voltage,  but  the  tendency  to  make  intermediate  voltages,  such 
as  150  and  160,  was  very  wisely  resisted  by  engineers,  so  that  you  will 
find  but  few  cases  of  attempts  to  utilise  such  lamps,  which  would  have 
considerably  reduced  the  cost  of  copper  under  the  conditions  of  the 
time.  It  was  only  when  lamp  manufacture  was  so  far  improved  that  it 
was  possible  to  get  lamps  with  twice  the  former  voltages,  that  the 
higher  voltages  of  200  and  220  volts  began  to  be  used.  So  far,  I  think 
the  list  proves  that  the  consulting  engineers  have  not  behaved  badly. 

Then  we  come  to  the  question  of  variations  in  period  of  alternating 
current  supply.  We  all  remember  the  controversies  with  regard  to  the 
periodicity  that  would  give  the  best  effect.  This  showed  the  wide 
differences  of  opinion  that  prevailed.  There  is  no  doubt  that  the 
great  variety  in  periodicity  has  pressed  very  hardly  on  manufacturers, 
and  only  those  who  have  to  deal  with  the  manufacture  of  alternating 
motors,  arc  lamps,  and  other  means  of  utilising  the  alternating  current, 
know  what  trouble  and  what  anxieties  have  been  introduced  into  the 
industry  thereby.  This,  however,  seems  to  be  in  a  fair  way  to  be 
overcome. 

There  is  no  question  as  to  the  enormous  advantage  of  standardisa- 
tion to  the  producer,  but  I  think  we  must  all  agree  with  Mr.  Sellon 
that,  in  the  end,  the  advantage  will  come  just  as  much  to  the  user  as  to 
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the  producer.  We  see  it  throughout  all  our  ordinary  purchases  of  life. 
In  engineering  matters  perhaps  the  only  thorough  standardisations  that 
have  taken  place  have  been  in  the  small  machinery  which  we  purchase 
for  domestic  use,  such,  for  example,  as  sewing  machines.  It  is  now 
time  that  the  motors  intended  for  use  in  houses  should  be  classed  with 
articles  of  domestic  use  ;  but  it  is  only  when  they  are  standardised  that 
they  can  be  produced  in  very  large  quantities,  and  that  we  can  hope  to 
let  the  user  have  them  at  a  price  that  he  is  prepared  to  pay.  Quite 
recently  developments  have  taken  place  in  the  use  of  electric  motors 
which  bid  fair  to  increase  their  use  very  largely  indeed  ;  I  refer  to 
motors  of  i  H.P.  and  i  H.P.,  such  as  we  should  use  in  our  houses 
either  for  small  domestic  power  purposes,  for  ventilation,  or  for  cooling 
rooms.  It  is  in  this  direction  that  the  trade  has  been  stirred  up,  and 
of  course  that  has  induced  standardisation  as  the  first  result,  and  the 
e£Fect  has  been  a  very  great  lowering  of  the  cost.  The  next  direction 
in  which  we  may  hope  for  standardisation  is  the  supply  of  motors  for 
the  working  of  tools  which  take  a  definite  amount  of  power.  There 
are  a  large  number  of  tools  used  in  workshops  requiring  a  range  of 
from  i  H.P.  to  i  H.P.,  and  they  can  be  grouped  and  motors  be  fitted 
directly  to  them.  Apart  from  any  special  effort  which  this  Institution 
may  make,  I  think  that  by  the  operation  of  a  natural  economic  law  we 
shall,  commencing  with  the  smaller  sizes,  gradually  standardise  motors, 
and  so  from  year  to  year  get  up  to  the  largest  sizes.  But  there  is  no 
doubt  that  this  Institution  can  assist  that  law  by  calling  to  the  attention 
of  the  user's  engineer  the  enormous  advantage  that  comes  to  the  user 
by  adopting  the  standards  of  the  manufacturers  themselves,  and  that  is 
really  the  best  way  to  get  at  the  end  we  all  desire. 

Mr.  A.  B.  Blackburn  :  I  take  it  as  a  matter  of  course  that  we  all 
agree  with  Mr.  Sellon  as  to  the  desirability  of  standardisation,  and  the 
chief  thing  we  have  to  consider  is,  to  what  limit  we  can  go.  Each 
manufacturer  must  begin  to  a  great  extent  at  home  ;  he  must  standardise 
as  far  as  he  can,  fixing  his  own  types,  and  trying  to  convince  the  user 
that  he  has  good  reason  for  adopting  them.  By  that  means  he  may 
commence,  as  far  as  he  himself  is  concerned,  with  a  fair  measure  of 
standardisation,  and  then  manufacturers  will  come  to  some  under- 
standing amongst  themselves  as  to  what  are  the  best  types.  The  user 
can  assist  them  very  greatly  by  pointing  out  from  his  experience  the 
conditions  to  be  fulfilled  ;  and,  if  he  will,  as  Mr.  Sellon  points  out,  state 
the  ends,  the  manufacturers  will  find  the  means.  As  regards  dynamos, 
the  class  of  machinery  in  which  I  am  chiefly  interested,  I  think  we 
have  already  arrived  to  a  certain  extent  at  a  basis.  For  alternating 
currents  there  lias  been  a  great  diversity  of  periodicity  which  has 
blocked  the  way  to  standardisation,  but  there  is  now  a  consensus 
of  opinion  leading  to  a  definite  periodicity,  which,  except  in  the  case 
of  stations  already  existing  that  must  for  a  number  of  years  be  tied  to 
their  present  periodicity,  will  very  considerably  lighten  the  task  of  the 
manufacturer.  The  same  with  regard  to  continuous  currents ;  we  are 
settling  down  very  much.  The  table  given  at  the  end  of  the  paper 
shows  that  a  very  large  proportion  of  the  stations  are  now  using  pres- 
sures between  400  and  500  volts,  and  that  is  bringing  things  to  a  very 
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satisfactory  jx)int  for  the  makers.  I  hope  that  the  engine-makers  will 
help  us.  In  tendering,  they  will  assist  us  very  greatly  if  they  will  arrive 
at  a  definite  standard  of  speed.  At  present  we  generally  find  a  con- 
siderable diversity  of  speed,  which  in  getting  out  tenders  frequently 
involves  the  provision  of  three  or  four  (alternative)  different  sizes  of 
dynamos,  to  accommodate  the  different  engine-makers. 

As  regards  American  competition,  I  think  that  standardisation  in 
the  United  States  has  arisen  very  much  from  the  large  quantity  used, 
and  not  the  quantity  from  standardisation.  If  we  can,  by  more  freedom 
in  legislation,  obtain  a  larger  amount  of  work,  we  also  shall  be  able 
rapidly  to  standardise. 

Mr.  J.  Slater  Lewis  :  Speaking  from  the  manufacturers*  point  of 
view,  I  think  the  first  question  we  ought  to  ask  is  how  to  meet  foreign 
competition.  That  this  country  is  being  commercially  invaded  at  the 
present  time  by  the  Germans  and  Americans  is  beyond  doubt,  and 
manufacturers  here  are  much  exercised  as  to  how  they  can  best  meet 
this  competition.  Now  I  would  like  to  ask  you  for  a  moment  to 
imagine  a  dynamo  manufacturer  who  builds  machines  of  one  type  and 
of  one  size  only.  Any  one  with  experience  in  this  class  of  business  will 
see  at  once  that  the  establishment-  and  fixed-charges  in  such  a  shop 
would  fall  enormously.  You  would  have  special  tools,  and  the  shop 
and  appliances  so  proportioned  and  arranged  that  you  could  work 
with  the  greatest  possible  economy ;  and  if  that  applies  to  a  shop 
making  a  machine  of  one  type  and  one  size,  it  must  also  apply,  sureh^ 
proportionately  or  relatively,  to  all  other  sizes  of  machines.  I  have 
made  some  careful  calculations  in  the  past  as  to  what  could  be  done 
by  standardising  on  these  lines,  namely,  by  building  only  one  type  of 
machine  in  one  shop,  and  I  am  convinced  that  if  that  were  done  the 
establishment  charges  would  fall  by  at  least  60  per  cent.  The  estab- 
lishment charges  in  an  electrical  shop  at  the  present  moment  are  very 
much  higher  than  they  are  with  any  other  class  of  machinery  that  is 
built  in  this  country,  and  that  is  entirely  brought  about  by  the  fact  that 
each  dynamo  maker  has  one  or  two  large  shops  full  of  all  classes  of 
work,  from  little  things  no  bigger  than  a  man's  hat  to  machines  15 
or  16  feet  in  diameter.  I  am  certain  that  if  we  are  to  do  any  good  in 
this  country  we  must  make  up  our  minds  not  only  to  standardise  our 
machines,  but  to  standardise  our  shops.  Unless  we  do  that  we  shall  go 
on  in  the  old  method  of  building  all  sizes  and  shapes  of  machines,  in 
shops  that  are  not  suitable  for  the  work,  and  we  shall  be  unable  to 
work  profitably  and  to  meet  foreign  competition.  My  own  view  is,  that 
if  some  Committee  could  be  formed  with  a  view  to  suggesting  certain 
sizes  of  motors  and  dynamos,  with  uniform  speeds,  voltages  and 
periodicities,  we  should  arrive  at  something  fairly  satisfactory.  I  am 
inclined  to  think  that  Mr.  Crompton  is  wrong  in  saying  that  these 
matters  will  right  themselves  automatically.  I  believe  .we  are  now 
standing  face  to  face  with  a  very  serious  problem,  and  the  sooner  we 
attack  it  the  better,  and  that  in  a  practical  way.  The  firm  with  which 
I  am  associated  has  been  engaged  for  some  considerable  time  in 
standardising  a  series  of  dynamos  and  motors.  They  have  already 
commenced  operations  with  them,  and  I  can  only  say  that  the  results 
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have  been  eminently  satisfactory,  and  that  they  hope  in  a  short  time  ^[""j^^  ^^.^ 
to  sell  nothing  but  these  standard  machines,  and  under  no  circum- 
stances to  depart  from  that  line  of  business.  That  is  the  only  way  to 
meet  this  foreign  competition,  but  we  must  be  supported  by  the 
consulting  engineers.  Those  dynamo  manufacturers  who  have  to 
supply  Corporation  plant,  and  the  like,  to  the  specifications  of  con- 
sulting engineers,  are  suffering  very  seriously  from  the  fact  that  all 
sorts  of  details  are  imposed  upon  them,  involving  not  only  much 
thought  and  experiment,  but  the  alteration  of  patterns  and  drawings. 
We  all  know  what  a  conglomeration  of  patterns,  drawings  and  stores 
are  to  be  found  in  almost  every  dynamo  manufactory  in  this  country, 
and  until  we  can  reduce  them  to  a  minimum  we  shall  do  no  good. 
This  is  a  matter  which  we  dynamo  manufacturers  feel  very  strongly 
upon,  and  I  for  one  should  be  only  too  pleased  to  see  some  definite 
steps  taken  with  a  view  to  standardising  the  dynamos  and  motors 
that  we  are  called  upon  to  supply,  for,  besides  giving  very  good 
results  to  the  manufacturer  and  to  the  user,  it  would  be  the  most 
effectual  way  of  meeting  foreign  competition. 

Mr.  E.  H.  JoHNSox  :  I  have  had  much  to  do  with  standardising  Mr. Johnson. 
electrical  apparatus  in  the  past,  but  not  in  the  direction  indicated  by 
Mr.  Sellon's  paper.  My  efforts  have  been  to  secure  the  standardisation 
of  apparatus  in  its  constructional  details.  Mr.  Sellon  has  to-night,  in 
my  judgment,  struck  a  keynote  to  which  English  manufacturers 
generally  should  give*  serious  attention,  as  it  affects  the  entire  range 
of  manufacturing  interests,  in  the  matter  of  foreign  and  particularly 
American  competition.  I  should  characterise  Mr.  Sellon's  idea  as  "  the 
standardisation  of  what  is  wanted,"  leaving  to  manufacturers  the 
business  of  supplying  that  want  in  their  own  way  rather  than  to 
employ  engineers  to  draft  and  specify  the  details  of  construction. 
This  individual  specification  of  constructional  detail  is,  in  my  opinion, 
the  bane  of  your  manufactures,  and  the  prime  cause  of  the  difficulties 
of  which  you  complain.  It  does  not  exist,  at  least  to  any  great 
extent,  in  America.  There  a  Tramway  Company,  say,  calls  for  so  many 
dynamos,  to  yield  so  many  horse-power,  and  so  many  motors  to  propel 
so  many  cars.  These  the  manufacturer  can  bid  to  supply  of  his  own 
special  form  and  type.  The  result  is,  the  manufacturer  having  them  in 
stock,  so  to  speak,  can  supply  quickly  and  at  low  cost.  This,  to  my 
mind,  is  what  is  aimed  at  by  Mr.  Sellon,  and  will  more  effectively 
accomplish  the  improvement  desired  than  would  any  other  suggestion 
as  yet  made. 

Mr.  J.  S.  Raworth  :  Mr.  Sellon,  like  every  practised  writer  of  a  Ra;;^.orth 
paper,  has  thrown  down  upon  the  floor  what  I  may  term  the  bone  of 
contention.  Now  it  does  not  very  much  matter  what  the  bone  is,  so 
that  it  be  long  enough  for  two  dogs  to  get  hold  of  it  at  the  same 
time  ;  Mr.  Sellon  has  given  us  a  very  admirable  paper  which  in  itself 
provides  plenty  of  scope  for  discussion,  but  he  has  also  given  us  a  title 
which  does  not  fit.  Therefore  we  can  have  as  much  discussion  on  the 
title  as  we  can  upon  the  paper — a  discussion  on  two  totally  different 
subjects.  Now  in  order  to  get  you  to  appreciate  this  point  about  the 
title,  I  want  you  to  consider  the  meaning  of  the  word  "  plant,"  which  is 
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Raworth.  used  in  legal  documents,  and  has  a  legal  meaning,  but  concerning  the 
meaning  of  which  you  never  find  in  those  documents  a  single  word  of 
explanation.  Now  what  is  plant  ?  We  sometimes  hear  of  a  person 
having  two  plants  and  three  plants  :  but  in  fact  he  can  only  have  one 
plant.  Plant  is  the  machinery,  tools,  and  utensils  used  in  carrying  on 
any  particular  trade.  When  a  charwoman  goes  past  an  ironmonger's 
shop,  and  sees  buckets  and  scrubbing-brushes  in  the  window,  and  goes 
in  and  buys  them,  and  takes  them  away  for  the  purpose  of  her  business, 
they  become  plant  immediately.  But  if  a  lady  goes  to  a  shop,  and  buys 
these  buckets  and  scrubbing-brushes,  they  do  not  become  plant,  they 
become  simply  domestic  utensils.  So  when  you  see  plant  spoken  of  in 
a  specification  it  does  not  mean  the  engines  and  dynamos  that  the 
producer  is  producing  and  supplying  to  the  consumer  :  it  means  all  his 
tools  and  machinery  th^t  he  uses  in  his  business  for  the  purpose  of 
producing  those  things.  That  is  always  the  meaning  in  ever>'  specifica- 
tion which  you  put  your  hand  to.  I  have  known  town  clerks  and  others 
try  to  make  out  that  the  clauses  with  reference  to  the  plant,  which  are 
very  onerous  clauses  sometimes,  actually  referred  to  the  machinery  that 
I  was  supplying  to  them  under  the  contract.  Now  it  seems  very  strange 
perhaps  that  you  should  not  be  allowed  to  speak  of  the  stuff  which  is 
in  the  course  of  manufacture  as  plant.  But  I  can  only  explain  it  to 
you  in  this  way.  I  cannot  get  an  analogy  from  mechanics  ;  I  must  take 
one  from  the  course  of  education.  Suppose  you  go  to  a  lady  who  is 
keeping  a  girls'  school,  and  you  ask  her,  "What  do  you  turn  out  of 
this  establishment  ? "  She  would  say,  "  Demoiselles,  young  ladies, 
most  accomplished  and  elegant."  Then  you  would  say,  "  But  have 
not  you  any  wives  here  ? "  She  would  reply  in  the  negative.  You  sec 
those  young  ladies  will  probably  become  wives,  a  great  many  of  them, 
hereafter,  but  that  is  done  by  a  legal  process  under  the  guidance  of  a 
parson.  Now  the  machinery  that  Mr.  Sellon  turns  out  is  not  plant  so 
long  as  he  has  possession  of  it,  but  when  he  gets  the  final  certificate  of 
the  engineer,  who  acts  as  the  parson  in  this  case,  the  machinery 
becomes  plant,  under  the  control  of  the  supplier  of  electricity  ;  it  is  the 
plant  of  his  business. 

When  wc  turn  to  the  title  of  the  paper,  and  read  "  The  Standardisa- 
tion of  Electrical  Engineering  Plant,"  we  mean  the  standardisation  of 
the  lathes,  drilling  machines,  screw-drivers,  and  those  things,  which 
are  part  of  the  tools  with  which  the  electrical  engineer  conducts  his 
business.  Now  the  great  advantage  of  this  paper  is  that  it  gives  us  an 
opportunity  of  discussing  both  that  and  the  other  subject  also. 

Turning  to  the  body  of  the  paper,  I  sympathise  most  fully  with  Mr. 
Sellon  in  bringing  this  matter  before  us.  I  have  done  a  great  deal  in  it 
in  the  course  of  my  life,  with  somewhat  moderate  success.  I  think  that 
I  should  rather  subdivide  this  paper  under  the  head  of  standardisation 
of  the  governing  factors  as  the  first  head,  and  the  standardisation  of 
details  as  the  second.  Mr.  Sellon,  I  think,  calls  it  in  his  classification 
the  ends,  or  performance.  Now  if  you  take  the  analogy  of  the  railway 
I  should  call  the  gauge  the  principal  governing  factor,  and  it  is  because 
our  engineers  in  the  early  days  did  not  fully  recognise  the  importauice 
of  this,  that  they  began  by  specifying  gauges  that  were  not  aU  alike, 
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and  consequently  gave  a  very  great  deal  of  trouble,  and  caused  the 
country  an  enormous  sum  of  money  to  bring  them  into  uniformity. 
Now  the  analogous  questions  in  electrics  to  gauge  in  a  railway  are,  I 
take  it,  periodicity  and  pressure  principally.  And  when  you  look  at 
Mr.  Sellon's  list  at  the  end  of  the  paper,  you  will  find  that  some 
considerable  effort  has  been  made  to  get  at  standardisation.  You  will 
find  that  there  are  twenty  stations  which  have  a  periodicity  of  loo.  I 
think  that  you  have  to  thank  Mr.  Mordey  and  myself  for  that  to  a  great 
extent.  I  do  not  know  whether  we  were  right  or  not.  I  think  the 
probability  is  that  we  were  wrong,  but  however  we  did  attempt 
standardisation,  and  without  the  assistance  of  any  consulting  engineers 
we  managed  to  account  for  most  of  those  twenty  stations  which  were 
standardised  at  a  period  of  loo.  It  has  been  proved  later  that  a 
periodicity  of  fifty  would  give  better  results,  and  now  we  find  that  no 
less  than  twenty  stations  in  a  very  much  shorter  period  of  time  have 
been  standardised  to  a  periodicity  of  fifty.  That  is  a  solidly  satisfactory 
result,  and  I  think  it  shows  that  the  consulting  engineer  is  after  all 
coming  very  much  nearer  Mr.  Sellon*s  standard  than  he  imagined.  Of 
course  we  cannot  do  very  much  to  help  the  matter  on,  we  have  to  take 
what  the  consulting  engineer  gives  us. 

I  quite  agree  with  Mr.  Slater  Lewis  and  Mr.  Crompton  that  the 
standardisation  of  detail  has  a  very  much  stronger  effect  upon  the  cost 
of  production  than  most  people  are  aware  of,  a  far  stronger  effect  I 
think  than  the  standardisation  of  the  pressure  and  periodicity.  But  how 
is  that  to  be  got  ?  I  have  been  connected  with  a  Company  that  has 
done  much  in  the  way  of  effort  at  standardisation,  it  has  passed 
resolutions,  it  has  given  instructions  to  managers,  it  has  written 
innumerable  memoranda,  in  fact  it  has  exerted  itself  to  an  enormous 
extent  to  get  standardisation ;  but  you  do  not  get  it.  The  ordinary 
commercial  draughtsman  can  upset  all  the  calculations  of  Board  or 
Manager  by  the  simple  expedient  of  altering  things  as  he  goes  along, 
without  anybody  finding  it  out.  I  came  across  a  peculiar  instance  the 
other  day.  I  wanted  a  new  valve-spindle  for  an  engine,  and  I  ordered 
it  from  the  engineer  who  made  the  engine,  only  about  two  years  ago. 
When  it  came  I  found  the  standard  had  been  altered.  But  how  much 
do  you  think  it  had  been  altered  ?  It  had  not  proved  too  weak,  and 
been  made  stronger,  but  he  had  altered  it  by  making  it  gV  of  an  inch 
smaller.  Now  what  good  in  the  world  was  achieved  by  making  the 
spindle  that  much  smaller  ?  It  did  not  fit  :  the  engine  had  to  be  taken 
down  twice  to  get  it  put  in,  and  a  new  one  had  to  be  made,  to  the  great 
expense  both  of  the  original  manufacturer  and  of  the  user.  I  think 
that  Mr.  Sellon  would  be  well  advised  if  he  were  to  carry  out  the 
suggestion,  because  I  believe  it  is  the  only  satisfactory  solution  of  this 
question,  that  anybody  who  wants  to  standardise  satisfactorily  after  the 
manner  that  Messrs.  Willans  &  Robinson  do,  but  without  taking  all  the 
time  that  they  have  taken  to  do  it,  must  keep  upon  their  works  a 
cauldron  of  boiling  oil  in  readiness  for  the  man  who  alters  standards. 

Mr.  Mark  Robinsox  :  If  I  add  a  few  words  to  what  Mr.  Sellon  has 
said  so  well,  it  is  only  because  I  have  given  a  good  many  years,  and  I 
think  not  wholly  without  success,  to  the  problem  of  standardisation  in 
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Mr.  one  branch  of  manufacture.     Mr.  Raworth  has  said  something  about 

Kobinson.  j]^^  jqj^^  jj^^y  j^^y  company  took  to  achieve  it,  but  without  going  into 
personal  matters  it  may  perhaps  be  of  interest  to  say  that  when, 
eighteen  or  nineteen  years  ago,  certain  works  which  he  has  in  view  were 
started  for  making  engines  for  small  steam-launches,  it  was  determined 
to  standardise  them.  When  the  first  order  for  a  4  h.p.  engine  was 
received,  half  a  dozen  such  were  put  in  hand,  in  the  faith  that  the 
other  five  would  find  buyers.  They  did.  Standardising  was  started 
with  the  very  first  piece  of  work  done  in  those  shops,  and  that  principle 
has  never  been  departed  from.  Having  had  that  amount  of  connection 
with  the  subject,  it  is  perhaps  well  that  I  should  offer  a  few  words  of 
encouragement  in  aid  of  Mr.  Sellon's  object — since,  as  Mr.  Crompton 
well  said,  there  is  really  nothing  to  be  said  about  his  paper  in  the  way 
of  criticism.  We  all  agree  about  it,  but  by  way  of  helping  on  Mr. 
Sellon's  object,  I  would  say  that  in  the  works  in  question  the  standard- 
isation is  certainly  not  less  than  in  any  American  shop,  and  it  is  carried 
out  not  less  perfectly,  while  its  course  has  never  been  interfered  with 
by  opposition  either  from  consulting  engineers  or  from  anybody  else. 
I  do  not  think  the  consulting  engineer  is  so  black  as  he  is  painted  ; 
he  specifies  a  low  speed  for  his  engines  sometimes  in  his  electrical 
specifications,  meaning  that  he  will  have  nothing  to  do  with  high-speed 
engines,  but  he  makes  his  meaning  clear,  and  when  he  leaves  it  open 
for  high-speed  engines  he  rarely  inserts  any  clauses  which  give  trouble. 
I  take  it  this  is  due  to  the  fact  that  the  people  who  make  such  things 
really  know  their  own  minds,  and  have  convinced  the  consulting 
engineer  that  they  have  some  knowledge  and  some  experience  behind 
them.  W^hen  this  is  proved  to  him  the  English,  like  the  American 
consulting  engineer,  is  only  too  glad  to  avail  himself  of  the  manu- 
facturer's experience.  That  is  how  the  matter  appears  to  me,  and  I 
believe  that  if  our  electrical  friends  would  attack  the  problem  with  the 
same  determination  and  the  same  courage,  it  would  very  soon  eventuate 
as  they  wish.  Mr.  Sellon  says  that  standardisation  presupposes  a 
sufficiently  enduring  demand.  As  I  started  with  the  hope  of  saying 
a  few  words  of  encouragement,  perhaps  I  may  be  forgiven  another 
retrospect  which  is  largely  personal.  More  than  two  years  ago  there 
was  an  engine  of  1,200  h.p.  ordered  in  the  works  in  question,  and  it 
was  a  very  great  advance  on  anything  that  had  been  done  before.  In 
pursuance  of  the  practice  of  the  firm,  a  much  larger  sura  than  the  price 
of  that  engine  was  at  once  spent  upon  standard  jigs  and  templates,  and 
so  on,  in  the  full  faith  that  it  would  come  back  again.  It  was*  perhaps 
a  question  whether  1,200  h.p.  was  not  too  big  for  the  type,  but  we 
believed  it  was  not,  and  before  the  first  1,200  h.p.  engine  was  ready  to 
go  out  of  the  place  I  think  there  were  eighteen  or  twenty  on  order. 
The  jigs  and  templates,  which  insured  that  the  very  first  should  be 
perfectly  interchangeable  with  all  its  successors,  were  of  course  abun- 
dantly paid  for  over  and  over  again.  Mr.  Blackburn,  referring  to  engine 
speeds,  said  that  engine  builders  might  help  the  makers  if  they  would 
standardise  their  speeds.  All  I  have  to  say  is,  that  if  dynamo  makers 
will  express  a  wi^h  as  to  any  standard  speeds,  1  have  no  doubt  the 
-  engine  makers  will  rise  to  it  directly.     Mr.  Raworth  remarked  upon 
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the  case  with  which  efforts  at  standardisation  could  be  neiitraUsed  by  Mr- . 

Kobmson, 
the  carelessness  of  a  draughtsman,  and  he  instanced  a  case.     I  do  not 

think  there  is  any  real  difficulty  in  so  organising  the  duties  of  draughts- 
men and  other  people  as  to  make  it  certain  that  changes  shall  not  be 
made  except  under  proper  sanction,  and  that  when  they  are  made,  for 
the  honour  of  the  makers,  duphcates  shiUl  be  kept  in  store  of  everything, 
however  obsolete.  If  it  were  sent  out  years  previously,  it^  should  still 
he  kept  there  for  the  benefit  of  the  users.  This  paper  is  a  very  valuable 
one,  for  it  calls  our  attention  to  a  matter  of  burning  interest  to  the 
trade  of  the  whole  country. 

Mr.  R.  Hammoxd  :  The  most  interesting  sentence  which  I  find  in 
Mr.  Sellon's  paper  is  at  the  bottom  of  p.  294,  which  runs :  "Assuming,  then, 
that  the  buyer's  engineer  has  come  to  stay,  it  would  appear  that  a  con- 
dition precedent  to  the  standardisation  of  plant  is  the  standardisation 
of  the  buyer's  engineer."  I  belong  to  the  class  of  gentlemen  who, 
according  to  Mr.  Sellon,  has  to  be  standardised,  and,  as  one  manufac- 
turer has  succeeded  another,  I  have  felt  the  process  of  standardisation 
going  on.  Some  seem  to  think  that  this  question  is  one  that  only 
concerns  producers.  Now,  I  am  heartily  with  the  reader  of  the  paper 
in  saying  that  it  concerns  the  industry  at  large.  That  seems  quite 
obvious,  but  it  is  not  always  generally  held.  The  most  important 
thing  for  the  buyer  is  to  get  the  best  plant,  and  next  to  that  is  to 
get  it  as  economically  as  possible.  The  proper  spending  of  capital 
in  an  industry  is  manifestly  the  one  great  feature  round  which  the 
buccess  of  the  industry  will  turn,  and  nothing  will  help  the  proper 
spending  of  capital  so  much  as  the  standardisation  of  plant.  Of 
course,  as  Mr.  Raworth  says,  in  the  early  days  we  all  had  our  ideas 
about  periodicity.  He  and  some  of  his  friends  were  responsible  for 
the  100,  and  I  think  possibly  I  was  responsible  for  these  curious 
figures  in  the  table  which  appear  as  a  periodicity  of  83,  84'5,  87,  80,  81, 
and  82.  But  I  would  like  to  explain  that  all  those  plants  really  came 
off  one  standard,  with  complete  alternations  of  10,000  per  minute  ; 
but  when  you  give  this  plant  to  engineers  in  stations,  they  find  it 
convenient  to  run  a  little  faster  or  a  little  slower,  and  so  in  making  up 
these  returns,  instead  of  returning  them  all  as  a  periodicity  of  83,  they 
have  returned  them  at  the  various  periodicities  quoted.  We  have 
arrived  at  a  time,  I  think,  when  consulting  engineers,  who  are  not  so 
black  as  they  are  painted,  do  feel  that  their  greatest  trust  is  to  see  that 
buyers  have  their  capital  spent  economically.  We  have  heard  from  the 
manufactiu-ers  to-night,  and  I  think  it  was  Mr.  Raworth  who  introduced 
the  homely  illustration  of  the  children  at  school.  I  would  say  of  the 
manufacturers  that  it  is  natural  they  should  consider  their  children, 
their  own  particular  children,  as  prize  babies,  and  the  best  babies  ever 
born.  One  little  disadvantage  that  the  manufacturer  is  under  is  that  he 
sees  so  much  of  his  own  baby,  and  therefore  he  perhaps  unduly  prizes 
it.  The  one  advantage  of  the  consulting  engineer  is  that  he  sees  the 
babies  of  many,  and  he  is  able  to  compare  them,  and  is  able  finally  to 
decide  upon  what  a  model  baby  ought  to  be. 

Mr.  Sellon  has  made  one  admirably  good  suggestion,  and  that  is : 
Back  up  your  Institution,  and  back  up  its  Uniformity  Committee.   That 
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Committee  has  perpetrated  one  act :  it  has  said  that  there  should  be  a 
periodicity  of  50  for  lighting  and  the  distribution  of  power  on  a  small 
scale,  of  25  in  the  power  transmission  schemes,  and  of  100  for  conver- 
ters in  people's  houses.  The  alternating  system  was  first  used  for 
converters  in  people's  houses  on  the  premises,  but  we  found  soon  that 
we  had  to  group  the  converters,  and  it  only  shows  how  difficult  it  is, 
even  for  a  Committee  of  this  Institution,  to  get  things  perfect,  because 
with  regard  to  the  recommendation  of  beginning  with  100,  I  cannot 
help  feeling  that  they  made  a  little  slip.  Mr.  Sellon's  suggestion  that 
the  Council  of  the  Institution  and  this  particular  Committee  should 
be  assisted  by  specimen  manufacturers,  standardised  ones,  who  have 
passed  through  the  callipers  of  the  Plant  Association,  would  do  good. 
Bring  not  only  the  manufacturers  but  the  users  and  the  users' 
engineers,  and  then  the  buyer  will  get  more  economically  what  he 
wants  to  get.  With  Mr.  Raworth  at  one  end,  I  am  the  dog  at  the 
other  end  of  the  bone,  and  while  he  is  giving  his  definition  of  "  plant," 
and  that  which  he  endeavours  to  explain  to  town  clerks,  I  am  glad 
that  I  have  not  been  the  dog  at  the  other  end  of  the  bone  who  has 
been  trying  to  get  away  the  bone  from  him  for  the  town  clerk. 
There  is  one  thing,  at  all  events,  that  I  have  found  it  necessary  to 
standardise  at  the  ver\'  beginning  of  my  specifications,  and  that  is  to 
state  that  the  word  "  plant "  shall  mean  all  the  materials  and  all  works 
to  be  supplied  by  the  contractors,  and  therefore,  if  I  had  been  at  the 
other  end  of  the  bone,  that  town  clerk  would  have  found  the  words 
set  forth.  Let  those  who  are  consulting  engineers  take  home  this 
lesson  at  all  events  to-night,  that  it  is  our  duty  not  to  aim  at  brilliancy, 
but  to  be  content  with  the  humbler  task  of  seeing  that  the  manu- 
facturer gives  what  he  has  contracted  to  give. 

Mr.  S.  Z.  DE  Ferranti  :  I  have  listened  to  this  paper  with  excep- 
tional interest.  It  is  a  paper  which  contains  matter  of  vital  importance 
not  only  to  the  electrical  engineering,  but  to  all  the  engineering,  industry 
of  the  country.  The  paper  is  full  of  sound  common  sense,  and  much  to 
the  point,  and  is  so  valuable  in  all  the  remarks  which  it  makes  and  the 
definitions  which  it  lays  down,  that  I  am  only  sorry  it  was  not  read  ten 
or  more  years  ago,  because  a  great  deal  of  the  evil  of  non-standardisation 
has  already  been  perpetrated,  and  that  evil  is  here  unfortunately  to  stay 
in  most  cases.  Look  at  all  our  alternating  stations  in  this  country,  and 
you  will  see  at  once  what  I  mean.  There  are  quantities  of  periodicities, 
and  if  you  multiply  those  periodicities  by  the  speeds  which  it  is  neces- 
sary to  run  at  to  serve  different  people's  ideas,  and  then  multiply  again 
by  the  different  sizes  of  plant  that  it  is  necessary  to  supply,  you  will 
find  that  the  number  of  different  alternators  is  simply  colossal.  In 
fact,  it  is  hard  to  find  many  machines  of  any  one  type  alike,  and  that 
is  why  I  say  that  the  evil  has  already  been  perpetrated,  and  is  un- 
fortunately here  to  stay.  It  is  very  difficult,  once  a  periodicity  has 
been  fixed,  to  make  any  alteration.  In  one  solitary  case  I  have  ar- 
ranged for  a  40-periodicity  station  to  be  raised  to  50  periods  so  as  to 
get  that  good  standard,  but  that  is  only  one  case  in  my  experience 
throughout  the  country.  In  one  case  some  time  ago,  when  supplying 
machines,  I  begged  the  engineer  of  a  certain  station  to  change  from 
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lOO  periods  to  50,  because,  as  I  told  him,  I  felt  satisfied  that  it  was  Mr.Ferranti. 
the  thing  to  do,  and  would  pay  well  for  the  doing.  He  felt  that,  in 
adding  a  500  H.P.  plant,  the  change  was  more  than  he  could  possibly 
allow,  taking  into  consideration  what  a  large  proportion  that  was  of 
their  output,  and  yet  now  that  500  H.P.  plant  is  the  only  one  of 
that  time  remaining  in  the  station.  All  the  others  for  which  the 
periodicity  was  kept  have  disappeared,  and  now  that  large  station  is 
thinking  of  going  in  for  continuous-current  distribution,  fed  by  multi- 
phase from  outside.  I  feel  sure  that  course  would  not  need  to  have 
been  considered  had  the  change  in  periodicity  been  made  at  the 
time  indicated,  or,  in  other  words,  had  a  known  standard  existed  at  an 
earlier  period.  In  America  I  believe  they  started  with  120  periods,  and 
they  kept  to  it,  so  that  all  the  plant  was  made  to  the  standard.  A  few 
years  later  on  it  was  found  that  that  was  far  too  high  a  periodicity  for 
which  to  build  machines  satisfactorily,  because  it  is  largely  a  question 
of  mechanical  design.  The  periodicity  was  then  halved,  so  that  there 
they  have  for  ordinary  alternating  work  for  lighting  supply  a  general 
standard  periodicity  of  60  periods.  I  have  heard  a  very  curious  thing 
stated — I  forget  where  it  came  from — that  the  standardisation  of  voltage 
was  not  in  all  cases  the  best  thing.  I  heard  some  one  remarking  upon 
a  certain  supply  having  a  voltage  of  105  instead  of  100  or  no,  both  of 
which  had  previously  been  looked  upon  as  standard  voltages,  and  the 
explanation  given  was  that  it  enabled  the  station  to  use  what  were 
practically  the  spoiled  lamps  from  the  other  two  voltages.  Now  the 
argument  was  certainly  a  practical  one,  and  it  seemed  to  fit  in  perfectly 
well,  but  it  was  an  argument  of  selfishness,  and  that  selfishness,  I  think, 
is  largely  at  the  bottom  of  all  our  trouble  in  want  of  standardisation. 
It  has  often  been  said  to  me  when  I  have  tried  to  get  a  standard 
periodicity  fixed  upon,  "  What  difference  does  it  make  to  me  ?  How 
shall  I  be  any  better  off  if  I  change  to  that  standard  ?  I  am  a  buyer  ; 
why  should  I  not  keep  what  I  have  already  ?  Why  should  I  not  have 
what  I  think  will  do  ? "  Of  course  it  is  a  very  shortsighted  argument, 
and  simply  shows  that  whoever  uses  it  does  not  appreciate  the  reduc- 
tion in  cost  which  follows  upon  standardisation  and  repetition  of 
manufacture. 

I  agree  very  thoroughly  with  Mr.  Sellon's  views  on  what  the 
consulting  engineer  should  do,  and  if  I  may  say  so,  without  desiring 
to  be  in  the  least  harsh  or  unpleasant,  I  should  like  to  suggest  very 
respectfully  to  this  Institution  that  the  true  function  of  the  consulting 
engineer  is  fully  to  appreciate  the  scheme  that  he  is  carrying  out,  and, 
having  appreciated  that  scheme,  clearly  to  lay  down  the  ends  which  he 
desires  to  accomplish,  and  to  leave  to  manufacturers  and  people  tender- 
ing the  means  which  they  think  fit  in  best  with  his  standards,  and  which 
they  think  best  meet  the  conditions  which  that  engineer  desires  to 
accomplish.  Then  his  great  work  comes  in  in  sitting  in  judgment  on 
behalf  of  his  client  upon  the  various  offers  made  under  his  requirements, 
and  telling  his  clients  not  which  is  the  cheapest,  not  which  is  right  in 
this  detail  or  that,  but  telling  his  clients  what  it  will  pay  them  best 
to  buy. 

General  Webber  :  I  propose  that  we  should  adjourn  the  discussion.    y;^^[. 
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General 
Webber. 


There  is  a  great  deal  more  to  be  s;iid  on  the  subject,  and  I  think  the 
debate  this  evening  will  lead  others  to  speak  and  supply  us  with  statis- 
tics and  figures  which,  although  not  wanting  to  Mr.  Sellon's  paper,  would 
very  much  add  to  its  interest. 


The  President  :  I  have  to  announce  that  the  scrutineers  report  the 
following  candidates  to  have  been  duly  elected  : — 


William  James  Birnie. 


Alfred  Leslie  Cook. 
Frank  Arnold  Greene. 


Members  : 

I        Alfred  Colson. 
John  PuUar  Phibbs. 

Associate  Members : 

John  Wvatt  Papworth. 
Henry  Wilder  Warde. 
Hal  Williams. 


Associates  : 


Rooke  Ainsworth. 

Harold  H  elf  rich  Bicker-Caarten. 

Charles  Edward  Stewart  Bill. 

Richard  Hodgson  Black. 

Joseph  Dickson. 

Alexander  Philip  Dryburgh. 

George  Flett. 

William  Henderson. 

Gerald  Arthur  Hill  Hill. 

Thomas  Holbrook. 

Ernest  T. 


Otis  Carter  Fornby  King. 
Robert  Gardner  Masaroon. 
Hugh  William  Pinkerton. 
Richard  Francis  Read. 
S.  Rosenbaum. 
Harry  Randal  Rylands. 
Sidney  Arthur  Simon. 
Frederick  William  Stamp. 
James  Thomas  Webster. 
Frank  Henry  Whysall. 
Williams. 


Students ; 


Fitzroy  Tozer  Chapman. 
Alfred  Singlehurst  Cross. 
Thomas  Clemenson  Evans. 
Cyril  Renton  Heron. 
Theodore  Arthur  Hill. 
Walter  John  Line. 


Walter  McBretney. 
Robert  William  Milsted. 
Albert  Henry  Midgley. 
John  I'almer. 
Edgar  Phillips  Perkins. 
John  Ernest  Scholield. 
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The  Three  Hundred  and  Forty-Second  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  Great  George  Street,  Westminster,  on 
Thursday  evening,  February  22nd,  1900 — Professor  SiL- 
VANUS  P.  Thompson,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
February  8th,  1900,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  the 
list  should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Associate 
Members — 


Gray,  Harold. 

Hoadlcy,  Edward  Ernest. 

Ximmo,  William  Henry. 


Rolph,  William  Mair. 
Sully,  Herbert  Thomas. 
Vaughan,  John  Crake. 


Weymouth,  George  Andrews  Philip. 

From  the  class  of  Students  to  that  of  Associates— 
Hounsfield,  Francis  Cecil. 

Donations  to  the  Library  were  announced  as  having 
been  received  since  the  last  meeting  from  Professor  A.  E. 
Salazar  and  the  Electrician  Printing  and  Publishing  Com- 
pany, to  whom  the  thanks  of  the  meeting  were  duly 
accorded. 

Mr.  F.  Ayton  and  Mr.  J.  Papworth  were  appointed 
scrutineers  of  the  ballot. 

The  President  :  Our  next  business  is  the  resumed  dis- 
cussion upon  the  paper  of  Mr.  Percy  Sellon  on  "The 
Standardisation  of  Electrical  Engineering  Plant,"  and  I 
will  call  upon  General  Webber  to  resume  the  debate. 

General  Webber  :  The  subject  before  us  is  admittedly  a  dry  one,   General 
although  some  matters  which  were  amusing  were  introduced  into  the 
discussion  at  our  last  meeting.    To  the  amusing  part  I  do  not  think  I 
can  add,  because  it  seems  to  me  that  the  subject  is  one  which  requires 
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General  very  grave  consideration.  I  would  like  to  draw  attention  to  its  action 
Webber.  ^^  ^y^^  Continent  of  North  America,  where  the  standardising  of  plant 
has  been  brought  about  by  the  circumstances  of  the  demand.  For  the 
smaller  kinds  of  machinery,  the  standardising  of  each  individual  manu- 
facturer holds  the  ground,  such  as  for  the  smaller  sizes  of  dynamos  and 
motors  ;  but  for  all  large  units  of  plant  and  for  complete  combinations 
of  these  units  with  the  plant  used  for  traction  purposes,  the  trade  has 
settled*  down  into  an  exceptional  condition.  For  instance,  in  utilising 
large  water  powers,  the  units  of  the  generating  plant  are  naturally 
very  large,  and  the  engineer,  when  devising  a  scheme  for  using 
these,  naturally  turns  to  the  maker  who  can  provide  units  the  size 
of  which  is  only  limited  by  previous  experience  of  what  is  possible. 
Similarly,  in  connection  with  traction,  the  manufacturers  able  to  meet 
the  demand  have  had  it  all  their  own  way,  and  their  standards  have 
necessarily  to  be  adopted  by  the  undertakers.  In  America,  these 
industries  have  fallen  into  the  hands  of  two  or  three  great  manufac- 
turing firms,  partly  because  of  the  large  amount  of  capital  at  their 
disposal,  and  partly  because  they  have  bought  up  or  inherited  the  tail 
end  of  master  patents  which  had  been  established  before  the  Courts 
and  which  protected  them  from  infringements  during  the-  days  when 
the  market  was  beginning  to  expand,  notably  the  Westinghouse  and 
the  General  Electric  Companies,  both  of  America.  Once  such  combi- 
nations as  these  command  the  market  for  particular  kinds  and  sizes  of 
plant,  with  their  accessories,  competition  disappears,  and  their  charges 
are  only  kept  in  check  by  the  public  opinion  within  the  industry. 
Their  position  is  quite  different  from  that  of  the  numerous  makers 
of  smaller  articles  and  specialities  who  employ,  say,  three  or  four 
hundred  workmen,  and  of  whom  there  are  examples  in  nearly  every 
great  city  of  the  United  States.  In  the  former  case,  the  heavy  general 
charges  are  covered  by  the  vastness  of  the  output ;  in  the  latter  case, 
these  charges  can,  by  the  personal  attentions  of  the  manufacturer,  be 
kept  down  to  a  much  smaller  percentage. 

As  with  us  at  home,  these  manufactures  of  the  small  and  special 
articles,  which  are  in  great  variety  and  which  are  subject  to  the 
idiosyncrasies  of  makers  and  inventors,  differ  in  pattern  and  quality 
in  various  works.  It  is  not  easy  to  see  how  standardising  can  be 
approximated  to  under  these  circumstances,  except,  indeed,  when. 
as  in  the  case  of  the  glow-lamp  and  telephone  manufactories,  the 
patents  have  created  and  guarded  monopolies  of  manufacture.  It 
will  be  thus  understood  that  standardising  in  the  case  of  the  larger 
units  ensures  no  economy  to  the  user.  The  capitalist  who  has 
provided  the  money  by  which  standardisation  is  possible  does  not 
do  it  for  the  user's  benefit.  This  is  especially  true  in  the  case  ot 
electric  machinery,  because,  unlike,  for  instance,  sewing-machines 
or  clocks,  electric  plant  has  to  be  used  in  combination  with  other 
engineering  plant,  and  an  engineer  has  to  be  employed  to  instal  it 
so  that  it  can  be  used,  and  he  casts  about  amongst  the  standard 
stocks  of  the  various  manufacturers  until  he  finds  something  suited 
to  his  wants;  although  his  choice  is  affected  by  price,  he  naturally, 
^  for  his  own  reputation's  sake,  specifies  both  quahty  of  manufacture. 
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endurance,  and  accessories,  so  that  his  client  may  have  an  article  5f*l*?** 

"^  Webber. 

which  will  be  both  efficient  and  durable.  Herein  lies  the  advantage 
of  many  manufacturers  with  many  standards.  The  ability  of  the 
en^necr,  with  such  a  variety  of  choice,  shows  itself  in  the  knowledge 
of,  and  experience  with,  these  numerous  standards,  and  not  in  his 
cleverness  in  framing  an  ideal  specification  which  fits  into  none  of 
these  standards. 

The  matter,  however,  becomes  very  serious  when  the  export  trade 
is  considered,  although  I  have  great  faith  in  the  eventual  conquest  of 
the  market,  even  in  the  remotest  places,  by  good  and  efficient  machinery, 
particularly  of  the  class  which  generates  and  utilises  electrical  energy  ; 
l>ecause,  unlike  machinery  which  is  subject  to  intermittent  use,  it  is  of 
a  kind  which,  owing  to  its  continuous  running,  requires  endurance,  and, 
therefore,  4he  best  quality  of  workmanship. 

It  may  be  said  that  the  way  in  which  the  great  American  manufac- 
turers are  able  to  meet  sudden  external  demands  is  a  counterpart  of 
the  condition  of  the  trade  in  agricultural  implements,  which,  not  many 
years  ago,  was  secured  and  held  by  the  English  makers. 

Those  who  admire  large  manufacturing  monopolies,  from  which  the 
public  has  to  accept  in  a  lamblike  way  the  standards  they  adopt,  are 
generally  those  who  benefit  by  them.  They  speak  of  having  eliminated 
the  consulting  engineer  from  these  industries  in  a  triumphant  way. 
They  themselves  are  men  who,  if  they  had  been  originally  educated 
as  electrical  engineers  and  had  gone  through  the  curriculum  which  is 
now  considered  desirable,  would  have  themselves  been  forced  into  the 
competition  that  must  exist  in  the  profession.  In  fact,  they  would  have 
probably  been  strictly  professional  men  ;  but  their  opening  for  occupa- 
tion has  been  more  in  the  direction  of  being  agents  for  the  monopolists ; 
in  fact,  a  sort  of  bagman  with  some  scientific  and  engineering  smatter- 
ing, and  I  look  upon  this  as  the  outcome  of  a  distinctly  unhealthy 
absence  of  the  competition  which  non-standardisation  produces. 

The  natural  object  of  each  maker  is  to  standardise  his  own  plant. 
In  the  early  days  of  the  industry  in  this  country  we  find  many  examples. 
The  makers  held  the  patents,  they  had  gone  to  great  expense  in  pro- 
tecting these,  and  in  establishing  plant  and  machinery  for  manufacturing 
on  a  large  scale.  If  one  takes  the  published  descriptive  catalogues 
and  price  lists  of,"  say,  half  a  dozen  well-known  makers  in  1890,  for 
instance,  and  compares  them,  it  is  very  curious  to  find  that  in  speed, 
output,  and  price  there  is  small  resemblance.  The  conditions  which 
have  governed  the  combination  have,  one  would  say,  been  governed 
by  accident,  although  it  is  certain  accident  had  nothing  to  do  with  it. 
I  think  one  is  bound  to  believe  that  each  type  was  one  which  the 
maker  honestly  believed  would  successfully  compete  with  those  of 
other  makers  which  it  would  approximately  resemble.  Dynamos, 
as  they  were  called,  could  be  procured  with  a  reputed  maximum 
output  of  990,  1,000,  1,500,  2,200,  3,000,  3,250,  4,000,  4,095  watts,  and 
so  on  for  40  or  50  sizes.  The  purchaser,  if  he  obtained  half  a  dozen 
lists,  was  bewildered  over  the  varieties  of  conditions  offered.  In 
this  way,  for  want  of  a  combination  for  standardising,  an  immense 
amount  of  capital  was  wasted.    The  wants  of  the  users  of  small-sized 
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w"hh*^  dynamos  may  have  been  met  by  this  plethora  of  types,  but  it  answered 
no  really  practical  purpose.  A  customer's  engineer  no  doubt  found 
it  very  convenient  to  have  a  selection  amongst  the  continuous- 
current  machines  of  various  makers  which  fulfilled  such  conditions 
as  the  following.  For  instance,  with  1,200  revolutions  yielding 
4,900  watts  the  price  was  £60,  and  so  on  with  various  types  and 
various  prices,  with  1,200  revolutions  as  the  reputed  speed  of  the 
machine.  It  may  be  remarked  that  it  naturally  led  to  a  variety  of 
discounts,  and  all  softs  of  conditions  intervened  to  help  the  consulting 
engineer  to  a  choice,  which  rarely  could  be  governed  by  the  absolute 
merits  of  the  machine.  The  Brush  Company  was  at  one  time  very  near 
securing  the  command  of  the  market  with  their  arc-lighting  dynamos. 
Their  6o-light  series-dynamo  was  in  its  way  an  unique  machine,  and  if 
the  field  of  public  lighting  in  these  kingdoms  had  not  beeff  occupied 
by  gas,  the  Brush  system,  I  have  little  doubt,  would  have  gained  a 
strong  and  permanent  footing,  which  would  have  led  to  a  kind  of 
standardisation  of  arc-lighting  plant.  A  6o-light  machine  costing 
£600  worked  60  lights  in  series,  costing  id.  an  hour  per  light,  with 
great  accuracy  and  efficiency.  I  do  not  know  what  the  manufacturers 
would  say  to  the  work  of  a  committee  under  this  Institution  of  Con- 
-  suiting  Engineers,  who  would  carefully  investigate  the  whole  subject. 
I  cannot  help  thinking  that  we  have  looked  to  Government  de- 
partments as  the  means  by  which  standardisation  could  be  brought 
about.  But  it  is  a  very  curious  thing  that  except  in  departments  like 
the  Navy,  standardisation  is  very  little  assisted.  For  instance,  take  the 
case  that  is  now  so  prominently  before  the  public  as  regards  the 
question  of  the  supply  of  warlike  material.  Think,  for  instance,  of 
projectors,  numbers  of  which  may  be  wanted  in  the  field  in  South 
Africa.  Those  for  coast  defence  are  not  well  adapted  for  the  field, 
not  being  mobile,  therefore  there  is  no  reserve  suitable  for  this 
application  of  the  use  of  a  projector.  Mr.  Crompton  would  tell  you — 
I  do  not  know  whether  he  is  here  to-night — that  when  he  went  down 
to  Chatham,  where  all  inventions  of  this  kind  are  brought  before  a 
special  committee  for  consideration  as  to  their  merits,  and  where  also, 
if  anywhere,  stores  of  such  articles  would  be  kept  and  where  a  standard 
projector  would  be  on  view,  he  found  a  series  of  machines  which  had 
been  bought  from  time  to  time  for  the  purpose  of  consideration  and 
examination  by  the  committee  whose  business  it  is  to  test  them  for 
warlike  purposes.  In  this  way,  the  funds  which  are  supplied  in  very 
limited  amounts  by  public  departments,  have  to  be  spent,  because 
even  if  they  were  hastily  to  standardise  a  projector  for  warlike 
purposes,  it  would  in  two  or  three  years  be  out  of  date  in  many  of  its 
details. 

Mr.  Sellon  has  not  laid  before  us  the  copy  of  a  standard  specifica- 
tion which  he  thinks  would  result  in  securing  "  the  ends "  and  "  per- 
formance "  that  is  most  desirable  both  in  the  interests  of  the  market  and 
the  user.  I  wish  he  would  examine  with  this  view  the  old  Admiralty 
specifications  which  were  issued  in  the  eighties  for  manufacturers  of 
electrical  plant  to  tender.  If  I  recollect  rightly,  the  best  of  these 
specifications  were  extremely  well  drawn  up.    As  regards  the  objects 
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that  Mr.  Sellon  has  in  view,  after  all,  a  user  like  the  Admiralty  must  ^"bbjj 
know  best  what  it  wants,  and  is  not  likely  to  be  ruled  into  a  restricted 
form  of  specification,  which  means  high  prices,  by  what  are  sometimes 
called  the  "  fads "  of  consulting  engineers.  I  quite^  agree  with  him 
that  everything  that  leads  to  a  determination  of  standards  by  the 
organised  efForts  of  the  industry  is  wholesome,  and  I  think  that  the 
Institution  should  be  very  grateful  to  him  for  his  paper  as  a  means  of 
bringing  the  subject  under  discussion,  and  I  hope  that  a  practical  result 
will  be  that  many  of  our  members  will  turn  their  attention  to  what  is 
possible  in  the  direction  which  he  indicates  and  will  not,  after  this 
paper  has  been  read  and  discussed,  give  up  the  consideration  of  the 
question,  but  from  time  to  time  will  urge  on  the  Council  the  appoint- 
ment of  committees,  like  the  "  Wiring  Rules  Committee,'*  to  consider 
questions  of  standardisation  in  which  the  Institution  ought  to  engage, 
both  on  behalf  of  the  profession  and  of  the  industry. 

Mr.  W.  B.  EssoN  :  If  we  are  to  have  cheapness  of  production  and  ^'-  ^^^^" 
give  our  customer  the  best  value  for  his  money  we  must  have 
standardisation  carried  much  farther  than  it  is  at  present.  But  the 
more  the  subject  of  standardisation  is  considered,  the  greater  appear 
the  difficulties  in  the  way.  Although  we  may  all  know  exactly  what 
we  want,  there  is  very  considerable  diversity  of  opinion  as  to  the  pre- 
cise manner  in  which  that  result  is  to  be  obtained.  Mr.  Sellon's  paper 
has  dealt  with  two  distinct  kinds  of  standardisation,  but  he  has  not 
drawn  a  very  clear  line  between  the  two.  The  first  is  standardisation 
between  the  manufactures  of  different  firms  ;  the  other  is  standardisa- 
tion in  the  manufactures  of  particular  firms.  As  regards  the  first,  we 
have  in  America  and  on  the  Continent  apparently  no  greater  agree- 
ment than  we  have  in  this  country,  because  no  two  manufacturers  have 
lines  of  machines  which  give  the  same  outputs,  speeds,  and  so  on,  and 
every  firm  is  its  own  authority  as  regards  frequency.  The  other  kind 
of  standardisation  (inside  the  works,  if  I  might  so  put  it)  is,  no  doubt, 
carried  on  to  a  much  greater  extent  in  America  than  in  England.  I  am 
not  sure,  however,  tliat  there  is  much  fixity  of  design  yet,  because  in  the 
American  machines  that  I. have  had  the  opportunity  of  examining  there 
appears  to  be  a  continual  difference  of  pattern.  They  are  always  im- 
proving them,  just  as  we  are  here,  but  the  American  manufacturers  are 
fortunate  in  having  such  a  great  demand  that  they  are  able  to  construct 
a  great  number  of  machines  in  each  batch  before  they  alter  the  pattern. 
I  quite  agree  with  the  statement  of  Mr.  Slater  Lewis  that  if  electrical 
engineers  in  this  country,  instead  of  endeavouring  to  run  the  whole 
gamut  of  electrical  apparatus,  would  confine  themselves  to  the  produc- 
tion of  one  particular  thing,  great  economies  would  be  manifested.  But 
the  fact  is  that  no  one  firm  in  this  country  has  enough  of  any  one  class 
of  machines  to  keep  them  going.  There  are  now,  perhaps,  six  large 
firms  constructing  alternating-current  apparatus.  These  firms  also 
make  direct-current  apparatus,  and  the  consequence  is,  of  course,  that 
both  arc  constructing  more  expensively  than  if  half  the  firms  confined 
themselves  to  one  class  of  apparatus  and  half  to  the  other.  If  Mr. 
Slater  Lewis  contemplates  combination  amongst  the  larger  firms  I  am 
quite  with  him,  but  I  wish  to  point  out  that  it  is  only  under  such 
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Mr.  Esson.  conditions  as  would  guarantee  certain  machines  going  to  certain  firms 
— all  the  continuous-current  dynamos  going,  perhaps,  to  one  firm,  all 
the  alternators  to  another,  transformers  to  a  third,  arc  lamps  to  a 
fourth,  and  so  on — that  his  proposition  could  be  carried  out,  and  I 
believe  that  there  will  come  one  day  in  this  country,  something  in  the 
way  of  a  combination  which  will  be  a  very  great  step  towards  stand- 
ardisation. 

Every  firm  has  already  its  lines  of  belt-driven  dynamos,  motors,  etc., 
and  I  have  never  known  a  consulting  engineer  who  would  not  accept 
a  good  thing  out  of  stock  rather  than  invent  a  specification  for  it.  To 
be  sure,  absurd  things  are  occasionally  specified  by  consulting  engineers, 
but  if  you  expostulate  they  generally  tell  you  that  the  reason  for  it  is 
that  they  have  been  bitten  by  some  contractor  and  that  they  are  obliged 
to  be  on  the  safe  side.  I  do  not  think  also  that  consulting  engineers  are 
unreasonable  if  you  put  the  case  fairly  before  them.  Again,  they  are 
a  sort  of  living  compendium  of  all  the  mistakes  made  by  contractors, 
and  if  you  happen  to  be  going  in  a  wrong  line  they  will  probably  put 
you  right  and  say  that  so  and  so,  on  such  an  occasion,  did  something 
similar  which  proved  disastrous,  and  that  you  had  better  steer  clear 
of  that.  There  are  very  great  difficulties  in  specifying  ends  with- 
out to  some  extent  defining  the  means  by  which  they  are  to  be  at- 
tained, because,  in  providing  the  means,  you  thereby  get  the  guarantee 
required  as  to  the  fulfilment  of  the  ends  for  a  long  period.  Take  for 
example  the  insulation  of  a  machine  to  run  at  440  volts.  The  engineer 
will  say  that  the  means  by  which  this  running  is  to  be  obtained  is 
that  the  insulation  shall  be  such  as  to  stand  an  alternating  pressure, 
say,  of  1,000  volts  for  an  hour  or  half  an  hour,  as  the  case  may  be.  In 
that  he  has  a  guarantee  that  the  machine  will  go  on  running  for  a  very 
long  period  without  breaking  down.  I  have  known  a  specification — 
though  I  do  not  think  it  was  ever  enforced — where  a  machine  of  440 
volts  was  specified  with  an  insulation  to  stand  an  alternating  pressure 
of  5,000  volts  for  an  hour.  This  was,  of  course,  beyond  all  reason, 
but  the  explanation  was  that  the  buyers  thought  they  would  be  on 
the  safe  side. 

I  take  it  that  Mr.  Sellon  desires  to  call  attention  not  so  much  to  the 
standardisation  of  small  isolated  plants  as  to  that  of  medium-sized 
plants  for  central  lighting  and  traction  stations.  There  is  very  great 
difficulty  in  this  because  of  the  different  lines  of  engines  made.  Some 
engineers  prefer  a  three-crank,  others  a  two-crank  engine,  some  have 
triple  expansion  and  some  compound,  some  high-speed  and  some  low- 
speed,  and  the  consequence  is  that  it  is  very  little  use  trying  to  standardise 
such  things  as  steam  pressure  and  pressure  of  supply  and  pressure  of 
generation,  until  you  get  some  sort  of  uniformity  amongst  the  engine 
makers.  Of  course  if  you  make  both  dynamos  and  engines  it  is  a 
different  matter,  but  in  this  country  the  dynamo  makers  generally  have 
to  purchase  their  engines,  and  the  engine  makers  their  dynamos ;  and  it 
is  much  less  expensive  to  adapt  a  dynamo  to  suit  an  engine  than  vice 
versdf  because  engine  patterns  are  very  expensive  and  alterations  to 
engine  patterns  are  very  costly  as  compared  with  alterations  to  dynamo 
patterns. 
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We  are  beginning  at  the  wrong  end,  and  beginning  badly,  by  fixing  Mr.  Esson. 
a  hard  and  fast  line,  for  instance,  for  the  frequency.  By  doing  so 
we  necessitate  the  altering  of  patterns  for  every  size  and  speed  of 
engine,  and  if  the  object  is  to  standardise  manufactures,  we  are 
doing  the  thing  best  adapted  to  make  that  an  impossibility  by  fixing 
frequency.  In  America  the  driving  of  large  alternators  by  belts 
or  ropes  is  very  much  more  prevalent  than  with  us,  and  a  uniform 
frequency  only  means  in  this  case  a  difference  of  pulley.  In  Switzer- 
land, turbines  are  constructed  to  suit  the  machines,  and  it  is  a  matter 
of  fact  that  turbines  are  altered  with  very  little  expense,  and 
the  uniformity  of  frequency  therefore  imposes  no  difficulty.  But  with 
us  it  is  quite  different,  and  under  present  conditions  the  fixing  of  the 
frequency  at  one  particular  value  would  impose  very  great  trouble  on 
the  manufacturer.  The  Uniformity  Committee  have  endeavoured  to  do 
this  very  thing,  but  I  doubt  if  they  have  realised  exactly  what  it  means. 
Within  wide  limits  the  frequency  really  is  of  no  importance ; 
between  40  and  60  one  frequency  is  as  good  as  another,  but  many 
do  not  realise  this.  In  my  practice  I  have  gone  to  a  frequency  as 
low  as  22,  but  the  circumstances  were  exceptional.  I A  ordinary 
cases  anything  between  40  and  60  is  satisfactory ;  the  choice  depends 
on  the  patterns  in  stock.  It  is  significant  that  the  firms  on  the 
Continent  who  carry  out  large  power  contracts  have  no  fixed  frequency, 
the  consequence  being  that  alterations  to  patterns  are  reduced  to  a 
minimum.  The  patterns,  stampings,  etc.,  for  loo-kilowatt  machines 
come  in  for  120  kilowatts,  when  driven  faster  with  an  increased 
frequency,  no  alteratiob  being  required  to  the  carcase.  According  to 
the  Uniformity  Committee  the  frequency  ought  not  to  be  altered,  but 
the  construction  of  the  whole  machine  ought  to  be  altered  in  conse- 
quence. Presumably  when  it  realises  what  this  means,  the  final 
recommendations  of  the  Committee  will  be  revised.  This  matter 
requires  to  be  better  understood.  The  other  day  a  consulting  engineer 
wrote  us  asking  what  it  would  cost  to  re-wind  1,000  kilowatts  of  trans- 
formers w^e  had  supplied  for  a  frequency  of  83,  as  now  it  was  proposed 
to  transmit  the  supply  from  a  distance  at  50  frequency.  Of  course  we 
told  him  that  the  transformers  required  no  alteration  whatever.  If  the 
buyers*  engineers  realised  that  a  transformer  that  works  at  40  would 
work  equally  well  at  60,  and  vice  versa,  with  the  same  heating  and  no 
appreciable  difference  in  efficiency,  they  might  be  inclined  to  allow 
contractors  more  latitude.  So  far  as  I  know,  consulting  engineers  have 
never  dogmatised  about  frequency.  It  is  only  the  manufacturers  who 
have  done  this,  and  the  officials  of  Mr.  Sellon's  company  worst  of  all. 
The  consulting  engineer,  seeing  an  utter  want  of  uniformity  among 
the  manufacturers,  and  knowing  that  the  mean  frequency  for  new 
installations  is  about  50  nowadays,  specifies  accordingly,  and  really  it  is 
very  difficult  to  know  what  else  he  could  do ;  but  I  am  sure  he  does  not 
care  what  the  frequency  is,  provided  it  is  within  such  limits  as  do  not 
interfere  with  the  efficiency  of  the  apparatus.  I  have  no  doubt  that  on 
the  matter  being  presented  fairly  he  would  accept  any  frequency 
between  those-  limits,  provided  the  conditions  of  the  supply  allowed 
him. 

VOL.  XXIX.  22 
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Mr.  Bnoo.  Mr.    Raworth    has   compared    the    differences    in    frequencies   to 

differences  of  railway  gauge,  but  surely  there  was  never  such  a  mis- 
leading analogy.  Uniformity  of  railway  gauge  is  of  paramount  impor- 
tance because  of  the  through  traffic.  Through  trains  run  from  London 
to  Aberdeen  over  the  lines  of  no  less  than  four  companies  in  succession 
daily,  but  we  have  nothing  analogous  yet  in  electrical  distribution. 
There  is  no  occasional  call,  say,  from  Edinburgh  for  a  supply  of  elec- 
tricity from  Newcastle,  and  the  working  of  these  two  cities  at  a  different 
frequency  is  absolutely  unimportant.  With  regard  to  motors,  it  is  very 
easy  to  modify  the  windings  for  different  frequencies,  and  the  matter  is 
scarcely  worth  considering  any  more  than  is  the  winding  of  the  shunt 
coils  on  arc  lamps.  These  are  not  the  things  that  are  costly,  but  the 
alterations  of  patterns  to  keep  the  frequency  uniform.  In  conclusion  I 
would  say,  let  us  be  very  careful  that  we  standardise  the  right  things. 
Frequency  is  not  one  of  them  if  cheapness  and  facility  of  production 
are  the  desiderata.  Fixing  the  frequency  hard  and  fast  only  defeats 
the  object  in  view.  Rather  let  the  manufacturer  be  given  as  large  a 
selection  of  frequencies  as  circumstances  will  permit,  and  be  allowed 
to  choose' within  limits  the  one  that  suits  his  patterns  best.  Otherwise, 
to  use  Mr.  Raworth's  homely  analogy,  we  may  be  dropping  the  bone 
in  the  attempt  to  catch  the  reflection.  We  want  a  real  reformation, 
having  something  practical  for  its  basis,  not  something  which  has  only 
an  academical  value,  as  I  think  frequency  has. 

Mr.  Mr.  S.  EvERSHED  :  I  suppose  we  have  most  of  us  had  the  experience 

of  reading  a  book  at  some  time  or  another  and  findly  how  aptly  the 
author  sets  out  a  number  of  our  own  favourite  ideas;  in  fact  occasionally 
the  pleasure  rises  to  such  a  height  that  one  feels  quite  drawn  towards 
the  author.  When  I  read  this  paper  my  pleasure  was  very  much  of  that 
sort.  I  felt  that  these  ideas  that  Mr.  Sellon  puts  forward  so  very  clearly 
had  long  been  dormant  within  me,  and  when  I  came  to  the  phrase 
with  regard  to  the  standardisation  of  the  buyers'  engineer,  I  could  not 
resist  a  spontaneous  tribute  to  the  style  and  the  matter  of  the  paper. 
I  am  not  quite  sure,  however,  whether  I  agree  with  it  altogether.  That 
standardisation  is  very  desirable,  and  a  pressing  necessity  in  England, 
most  manufacturers  are  agreed.  How  it  is  to  be  arrived  at  is  another 
matter.  Mr.  Sellon's  point  with  regard  to  the  buyers'  engineer  is  that 
his  standardisation  is  a  necessary  preliminary,  but  I  think  in  attempting 
to  standardise  the  consulting  engineer  Mr.  Sellon  and  those  who 
agree  with  him  are  entering  on  a  task  which  is  much  more  formidable 
than  they  imagine.  Mr.  Sellon  rather  treats  the  buyers'  engineer  as 
though  his  tendency  to  unnecessary  restrictions  and  undue  interference 
were  an  isolated  fact ;  as  though  the  disability  we  are  all  conscious  of 
labouring  under  were  entirely  confined  to  electrical  engineering.  Now 
it  is  not  so ;  it  is  only  one  of  the  many  instances  of  the  temperament 
which  is  growing  in  Great  Britain.  Formerly  our  rulers  were  quite 
content  to  let  new  industries  struggle  to  their  feet  just  as  they  could 
without  any  interference,  but  in  these  days  no  new  industry  can 
possibly  start  without  many  restrictions,  rules,  and  regulations ; 
Parliament  pouncing  upon  and  attempting  to  regulate  it  in  every 
possible  and  many  impossible  ways.    We  know  for  how  many  years 
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the  electric  lighting  industry  was   made    impossible    by  tfie   fussy  £^^^3^041 
busy  bodies  who  invent  the  kind  of  legislation  so  prevalent  just  now. 
It  is  not   only  in  our  own   profession  that  this  interference  takes 
place ;  it  is  widespread  throughout  the  whole  of  the  country,  and  is 
increasing  rapidly. 

The  moment  you  put  any  ordinary  Englishman  in  a  position  of 
authority  he  becomes  a  changed  man.  If  you  take  one  of  our  own 
members,  for  example,  and  put  him  in  a  position  of  authority,  either 
as  consulting  engineer  or  in  any  other  capacity,  he  feels  obliged  to 
draw  up  a  little  private  Act  of  Parliament  of  his  own.  Until  Mr. 
Sellon  can  show  us  some  way  of  altering  the  temperament  of  the 
average  Englishman,  I  am  afraid  we  shall  have  to  put  up  with  the 
unstandardised  consulting  engineer.  But  I  am  not  at  all  sure  we 
cannot  do  some  good  in  spite  of  him,  and  when  we  manufacturers 
have  begun  to  do  good  the  consulting  engineer  will  very  likely  help 
us.  In  my  opinion  the  right  word 'fell  from  Mr.  Blackburn  at  the  last 
meeting  when  he  said  that  something  could  be  done  by  beginning  at 
home,  by  manufacturers  standardising  their  own  plant.  It  is  true  that 
what  Mr.  Esson  has  just  said  is  rather  disheartening.  He  takes  the 
view  that  we  cannot  do  anything  very  much,  but  I  think  some  kind  of 
combination  among  manufacturers,  not  to  settle  types  or  details  of 
machines,  but  what  should  be  the  sizes  and  outputs  of  machines,  what 
should  be  the  definite  sizes  for  cables  and  so  on,  might  go  a  long  way 
towards  cheapening  production,  biecause  every  manufacturer  would 
know  what  sizes  he  was  to  make.  Mr.  Robinson  rather  capped  the 
remarks  of  Mr.  Blackburn,  but  I  think  we  most  of  us  to  some  extent 
discounted  what  he  told  us  because  he  always  speaks  to  us  with  cheerful 
optimism,  and  we  know  very  well  that  the  difficulties  his  firm  may 
have  met  with  in  standardising  were  certainly  very  much  less  than 
they  would  have  been  if  the  Willans  engine  had  not  been  a  perfect 
machine,  which  commanded  the  market  from  the  very  moment  it 
was  placed  upon  it. 

Now  1  in  my  humble  way  have  been  attempting  to  standardise 
certain  branches  of  electrical  manufacture,  viz.,  instruments,  and  I 
must  confess  that  my  experiences  so  far  have  been  simply  disheartening. 
The  consulting  engineer  very  rarely  specifies  impossible  dynamos,  but 
when  he  comes  to  instruments  he  appears  to  think  that  anything  is 
possible.  One  eminent  consulting  engineer  specified  for  some  device 
to  be  added  to  an  instrument  to  show  which  way  the  current  was 
going,  but  he  said  that  device  must  not  contain  a  permanent  magnet. 
I  told  the  people  who  sent  me  the  inquiry  that  I  thought  the  engineer 
must  have  made  the  greatest  discovery  since  Farada3r*s  time.  I  went 
to  see  him,  and  he  told  me  that  he  had  made  no  discovery.  "  In  fact," 
lie  said,  "  I  am  told  that  what  I  have  specified  is  impossible."  "  Yes," 
I  said,  "  it  is."  "  Ah,  well,  I  should  not  insist  upon  that."  The  instru- 
ment maker  is  constantly  asked  to  design  impossible  instruments  to  put 
upon  boards.  No  doubt  each  instrument  maker  gets  out  a  design, 
but  only  one  gets  the  order.  But  they  all  hav«  to  be  paid  for  the 
designs  which  they  have  made.  Ultimately  the  consumer  has  to  pay 
for  them.    One  consulting  engineer  specified  for  an  instrument  with 
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Mr.  a  scale  lo  indies  long  and  capable  of  being  read  to  2  per  cent,  at 

Evershcd.  ^^^^  p^^.^  ^£  ^^^  scalc  from  zero  to  the  end.  I  pointed  out  to  him 
that  each  division  would  then  measure  something  like  the  50th  part 
of  an  inch,  and  he  had  to  confess  that  he  could  not  read  it,  but 
stated  then  that  he  meant  it  should  be  read  to  Ihat  accuracy  on  the 
centre  or  useful  part  of  the  scale.  They  not  only  specify  impossible 
conditions  with  regard  to  accuracy  and  so  on — ^and  when  the  right  time 
comes  I  shall  certainly  have  some  suggestions  to  make  with  regard  to 
accuracy,  because  in  those  respects  specifications  can  be  standardised — 
but  they  specify  as  to  how  the  instrument  maker  shall  make  his  instru- 
ment. They  never  tell  the  dynamo  manufacturer  that  he  has  to  make 
his  dynamo  so  that  it  can  be  bolted  to  the  ceiling,  but  they  have  not  the 
least  objection  to  specifying  that  the  instrument,  for  instance,  sliall  stand 
on  its  terminals — about  the  worst  way  of  fixing  an  instrument  that  you 
can  possibly  imagine.  Yet  we  have  had  many  inquiries,  and  we  have 
had  actually  to  supply  instruments  which  are  so  placed.  I  do  it,  but 
only  under  protest.  The  designing  of  an  instrument  so  as  to  reduce  the 
strains  and  stresses  to  a  minimum  takes  very  considerable  time  and 
attention,  and  in  designing  it  one  naturally  has  in  view  what  part  of  the 
case  of  the  instrument  is  going  to  be  used  as  the  bedplate  for  bolting  it 
to  the  switchboard.  But  the  consulting  engineer  settles  how  it  is  to 
be  bolted  up — it  does  not  matter  what  the  inside  is  like ;  it  is  to  be 
bolted  up  on  its  terminals,  and  there  it  goes.  Again  take  the  case  of 
edgewise  instruments  which  every  instrument  maker  now  makes.  One 
engineer  said,  he  did  not  want  to  put  them  up  edgewise,  they  should 
be  put  up  with  their  scales  horizontal ;  nor  did  he  want  our  fi.xing  for 
holding  them  down  to  the  switchboard,  because  he  was  going  to  make 
a  hole  through  the  switchboard,  and  put  the  instrument  through  from 
the  back.  Yet  the  very  object  of  the  edgewise  system  is  that  the 
instruments  shall  occupy  a  small  transverse  space  ;  if  that  is  not  \^'anted 
why  should  that  type  be  used?  In  all  these  ways  the  consulting 
engineer  is  at  the  present  time  keeping  the  prices  of  instrmnents  up 
to  an  abnormal  level.  Tiie  cost  of  alterations  to  an  instrument  bear  a 
far  larger  proportion  to  its  total  cost  than  in  the  case  of  the  dynamo. 
It  may  cost,  in  an  instrument  which  will  have  to  be  sold  for  perhaps 
£S  o**  £^>  ^^  much  as  £^0  to  get  out  new  sets  of  patterns  to  meet  a 
specification.  I  do  not  think  any  dynamo  maker  has  ever  had,  in 
selling  a  dynamo  for  ;Ci,ooo,  to  spend  ^^2,000  or  ;£3,ooo  in  altering 
the  patterns  for  any  type  when  he  only  has  an  order  for  a  few 
machines.  I  think  that  the  manufacturers,  by  meeting  together,  not 
actually  forming  a  combination  but  by  forming  a  committee  which 
would  settle  such  points  as  outputs,  accuracy,  heating  of  armatures  and 
so  on,  could  do  an  immense  amount  of  good ;  but  the  whole  problem 
of  standardisation  is  a  fai*  larger  one  than  perhaps  Mr.  Sellon  imagines. 

Andrews  ^^'"'   ^'  ANDREWS  :    We  users'  engineers  appreciate  Mr.  Sellon's 

paper  as  much  as  do  the  manufacturers.  The  present  lack  of  uniformity 
in  tlie  various  parts  of  the  country  is  a  great  source  of  nuisance  all 
round.  At  Hastings  we  have  a  periodicity  of  100,  and  after 
hearing  the  discussion  at  the  hist  meeting  I  went  away  with  the  idea 

— ^  that  I  should  have  to  recommend  my  committee  to  scrap  aU  our 
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existing  machines  and  change  to  the  50  periodicity,  which  seemed  to 
be  the  proper  thing  to  go  for.  However,  on  thinking  the  matter  over, 
I  came  to  the  conclusion  that  it  was  almost  an  impossible  thing  for  us  to 
do.  I  have  taken  the  opportunity,  since  the  last  meeting,  of  discussing 
the  matter  with  my  chairman,  pointing  out  that  if  a  periodicity  of  50 
became  the  standard  it  would  probably  pay  us  in  the  long  run  to 
change,  because  we  should  be  able  to  get  our  machines  cheaper. 
1  suggested  that  it  would  cost  very  much  less  to  change  now  than  it 
would  in  two  or  three  years  time.  But  his  reply  was  that  if  we  went  to 
the  ratepayers  to  ask  for  a  large  sum  of  money  to  replace  our  present 
plant,  it  would  shake  their  confidence  in  the  electrical  undertaking. 

I  quite  agree  with  Mr.  Scllon's  suggestion  that  engineers  should  state 
more  clearly  the  ends  or  performance  they  require  for  the  plant  rather 
than  give  details  of  construction  ;  but  if  certain  constructional  details 
are  not  to  be  insisted  upon,  the  manufacturers  ought  to  take  greater 
responsibility  as  to  the  behaviour  of  the  plant.  It  appears  that  some 
manufacturers  think  they  ought  to  be  left  to  determine  how  the  plant 
should  be  designed,  and  that  it  should  then  be  handed  over  to  the  station 
engineer,  who  is  to  take  the  entire  responsibility  of  its  turning  out  all  right, 
I  do  not  think  it  is  quite  fair  to  blame  either  the  users'  engineer  or  the 
buyers*  engineer  for  the  present  lack  of  uniformity  in  electrical  engi- 
neering plant.  If  I  may  refer  to  the  case  of  Hastings  station,  for 
instance,  that  has  been  more  or  less  guided  by  manufacturers  ever 
since  its  commencement  about  eighteen  years  ago.  Up  to  the  year 
1890  the  Hastings  Company  was  supplying  current  to  its  consumers 
upon  the  old  Brush  series  system,  but  the  manufacturers  to  whom  the 
engineers  of  the  Company  looked  for  advice  told  them  that  if  tliey 
wished  to  keep  pace  with  the  times  they  must  scrap  their  existing 
Brush  series  plant  and  go  in  for  an  up-to-date  standard  alternating 
parallel  system  of  supply  with  100  periodicity.  The  Hastings  Com- 
pany did  so  about  ten  years  ago.  Now  we  are  told  that  we  ought 
to  change  again.  Again,  although  the  Company  went  to  a  very  heavy 
expense  to  change,  they  did  not  appear  to  get  very  much  nearer 
the  standard  plant,  for  the  transformers  of  1892  would  not  work 
in  parallel  with  the  transformers  in  1894,  and  the  spare  parts  got  for  an 
engine  in  1892  would  not  suit  an  engine  built  in  1894.  I  do  not  think 
that  was  the  fault  of  either  the  buyer's  or  the  user's  engineer  ;  it  appears 
to  be  quite  as  much  the  manufacturers'  fault.  I  quite  agree  with  the 
principle  of  standardisation,  but  it  is  rather  difficult  to  carry  out  on 
existing  stations. 

Mr.  Stuart  A.  Russell  :  The  author  of  this  paper,  in  laying  stress  on 
the  standardisation  of  sizes  of  units,  has  begun  rather  at  the  wTong  end. 
Mr.  Esson.has  already  spoken  of  the  variation  of  the  speed  of  engines,  but 
engine  makers  fixed  their  speeds  and  sizes  of  engines  before  the  dynamo 
makers  could  come  to  any  standards  at  all,  and  we  certainly  cannot  ask 
them  now  to  change.  Let  us  say  there  is  one  maker  who  runs  10  per 
cent,  faster  than  another ;  he  cannot  give  up  that  10  per  cent,  and  so 
reduce  the  output  of  his  engine  by  10  per  cent,  to  allow  the  dynamo 
makers  to  have  standardised  units.  That  difficulty  will  certainly  stop 
any  standardisation  of  sizes,     With  regard  to  small  belt-driven  plant 
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or  motors,  I  do  not  think  that  the  fixing  of  sizes  will  be  a  very  great 
advantage.  Every  manufacturer  will  fix  his  own  sizes  and  will  make  a 
certain  number  of  machines ;  he  will  adopt  and  make  a  line  of 
machines,  but  there  is  no  advantage  whatever  in  all  manufacturers 
having  exactly  the  same  sizes ;  in  fact,  I  think,  on  the  contrary,  the 
advantage  would  be  all  the  other  way.  Of  course  one  particular 
manufacturer  will  lose  orders  because  his  machines  do  not  happen 
to  fit  what  the  customer  w^nts,  but  that  will  be  counterbalanced 
by  his  liaving  the  advantage  another  time.  I  believe,  however,  that 
the  fixing  of  a  standard  electrical  pressure  would  certainly  be  an 
advantage.  We  have,  as  the  author  said  in  his  paper,  accepted 
very  readily  the  standard  pressures  for  traction  introduced  from 
America.  In  doing  so  we  have  handicapped  our  own  manufacturers, 
because  it  is  common  now  to  find  in  lighting  stations  machines 
which  are  to  serve  sometimes  on  lighting,  sometimes  .on  traction 
circuits.  We  get,  therefore,  quite  commonly  in  specifications,  say 
a  20o-kilowatt  machine  which  has  to  give  that  output  at  a  voltage 
from  440  to  500  when  running  as  a  shunt  machine  on  the  lighting 
circuit,  and  also  at  550  or  560  volts  when  running  on  the  traction 
circuit.  It  is  quite  evident  that  that  so-called  200-kilowatt  machine  is 
really  a  250-  or  260-kilowatt  machine,  but  the  engine  is  only  sufficient 
for  the  200  kilowatts.  The  user  is  buying  a  machine  which  is  useless  to 
him  ;  he  cannot  make  use  of  its  full  output,  and,  moreover,  when  he  is 
running  on  the  lighting  circuit  he  is  running  it  under  decidedly 
unfavourable  conditions  as  to  the  strength  of  the  field.  I  have  seen 
specifications  where  an  overload  was  to  be  given  at  440  volts,  although 
probably  that  machine  would  never  run  at  440  volts  when  it  was  giving 
any  current  worth  talking  about.  The  net  result  was  tliat  that  so-called 
200-kilowatt  machine  turned  out  to  be  nearly  a  300-kilowatt  machine, 
but  you  could  not  get  more  than  200  kilowatts  out  of  it  because 
the  engine  limited  the  plant  to  that  output.  We  may  with  advantage 
endeavour  to  get  some  uniformity  between  the  traction  and  lighting 
voltages,  as  I  believe  that  considerable  saving  in  the  cost  of  machinery 
would  be  made  thereby. 

There  are  certain  other  points  not  mentioned  by  the  author  in  the 
paper.  They  are  in  a  way  minor  points,  but  they  offer  much  less 
difficulty,  and  might  be  standardised  with  advantage.  The  rating  of 
machines  is,  for  example,  somewhat  vague  at  present.  If  we  can 
come  to  a  decision  that  (say)  a  50-kilowatt  machine  shall  be  one  that 
can  give  50  kilowatts  continuously  for  a  certain  number  of  hours 
without  more  than  a  certain  number  of  degrees  rise  in  temperature 
at  the  end  of  that  time,  and  if  everybody  understands  that  this  is  the 
test  to  be  applied,  we  shall  at  least  have  gained  something.  Re- 
ference has  been  made  to  the  Admiralty  specification.  Undoubtedly 
that  did  much  to  improve  and  raise  the  ideas  of  dynamo  makers. 
When  it  was  first  issued  it  imposed  somewhat  more  severe  conditions 
than  most  of  them  were  able  to  meet,  and  the  Admiralty  did  indeed 
change  their  specification.  They  do,  however,  specify  exactly  as 
regards  the  rise  of  temperature,  and  our  difficulty  as  manufacturers  is 
rather  that  one  engineer  specifics  a  rise  of  50°,  another  is  content  with 
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70**  F.,  and  sometimes,  especially  in  foreign  or  continental  work,  the  ***"•  ^»*«"' 
limit  is.  raised  as  high  as  90°  F.  If  you  make  your  machines  for  a  rise  of 
50**  or  6o^  when  you  are  competing  with  a  specification  of  qo"*  you  are 
probably  quoting  for  a  much  better  machine  than  your  competitors  are 
giving,  but  you  get  no  advantage  or  consideration  for  it.  Again,  some- 
thing should  be  definitely  decided  in  regard  to  insulation  resistance. 
We  sometimes  get  specifications  asking  for  10  megohms,  or  other 
absurdly  high  insulation  resistances  which  are  never  maintained  in 
practice,  and  which  are  only  possible  if  the  machine  is  in  a  dry  room 
and  well  cared  for  before  making  the  test.  Other  engineers  are  content 
with  a  small  insulation  resistance,  as  measured  in  megohms  or  fraction 
of  a  megohm,  but  specify  a  high-pressure  test.  Mr.  Esson  has  already 
alluded  to  this,  and  I  also  have  seen  a  specification  where  for  500- 
volt  machines  a  test  of  5,000  volts  was  to  be  applied.  Most  people  are 
content  with  a  1,000- volt  test,  and  I  think  it  is  quite  high  enough.  But 
uniformity  in  this  respect  is  desirable.  A  very  useful  start  in  the 
direction  of  standardisation  might  be  made  in  connection  with  these 
minor  points,  and  the  larger  questions  as  well  as  those  presenting  very 
serious  difiiculties  might  be  weH  left  until  the  smaller  ones  shall  have 
been  settled. 

Mention  has  been  made  of  constructional  details.  Some  speakers 
are  inclined  to  think  that  it  is  a  good  thing  to  specify  these  details, 
whilst  others  are  decidedly  of  the  opposite  opinion.  Cases  are 
frequently  met  with  in  which  no  good  purpose  can  be  secured 
by  the  full  specification  of  details  which  is  given.  I  have  seen, 
for  instance,  specifications  where  the  number  and  width  of  brushes 
have  been  specified  ;  the  width  chosen  being  one  which  I  believe  is 
not  made  by  any  well-known  maker,  and  certainly  is  not  adopted  by 
the  majority  of  makers.  That  only  means  that  you  have  to  change 
patterns  and  charge  a  higher  price  for  the  machine  or  else  lose  money 
on  it,  whereas  whether  you  use  2-inch  brushes  or  i-inch  brushes  is 
immaterial,  as  long  as  you  have  more  than  two  on  each  spindle.  Again, 
an  engineer  often  does  not  specify  the  size  of  the  bearing,  but  he  says 
the  length  must  be,  let  us  say,  four  times  the  diameter.  Now  if  th6 
maker  has  a  bearing  which  is  3  inches  in  diameter  and  11  inches 
in  length,  it  is  very  difficult  to  make  that  3  by  12,  and  it  is  rather  a 
temptation  to  make  it  2 J  by  11.  That,  I  believe,  is  sometimes  done 
to  the  detriment  of  the  machine,  simply  to  conform  to  the  specifica- 
tion. If  consulting  engineers  realised  the  trouble  they  give  the  manu- 
facturer to  no  good  purpose,  I  believe  they  would  eliminate  from 
their  specifications  many  details  which  can  have  but  small  importance 
from  their  point  of  view  and  which  yet  give  much  trouble  to  the 
manufacturer. 

Mr.  L.  BiRKS  :  The  question  of  periodicity  has  been  referred  to  very  Mr.  Birks. 
frequently  in  this  discussion,  and  I  have  therefore  prepared  the  follow- 
ing Tables.  Table  A  shows  the  periodicity  of  the  various  stations  of 
Great  Britain.  I  believe  this  has  been  published  frequently  elsewhere, 
but  it  is  of  some  interest  to  have  it  before  us  with  the  number  of  machines 
installed  and  the  total  kilowatts.   Table  B  is  of  greater  interest,  as  it  gives 
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TABLK  A.— FREQUENCIES  OF   BRITISH   ALTERNATE- 
CURRENT  STATIONS. 


Frcquencj 

No.  of 
Stations. 

No.  of 
Generators. 

Total  K.W. 

1 

Mean  K.W. 
per  Station. 

Mean  Power 

of 
Generators. 

I 

125 

1 

5 

140 

140 

28         ' 

100 

24 

170 

38,746 

1,610 

228     ; 

93 

2 

25 

3,953 

1,977 

158     ' 

90 

2 

20 

1,943 

972 

97     1 

87 

2 

i[ 

1,300 

650 

118 

83 

9 

77 

16,280 

1,810 

212 

80 

3 

23 

2,Q20 

975 

127 

77 

1 

9 

425 

435 

47 

7S 

4 

13 

1,595 

400 

123 

70 

I 

14 

4,2iO 

4,210 

301 

68 

I 

6 

680' 

680 

113 

67 

I 

3 

375 

.175 

125 

66 

' 

3 

235 

m 

80 

(K> 

10 

43 

11,791 

1,179   . 

274 

50 

25 

T24 

25,396 

1,016 

204 

40 

3 

28 

2,838 

046 

101 

v_ 

574 

112,827 

i 
1,253  1 

197 

the  number  of  machines  started  at  the  various  periodicities  during  each 
year  since  1888.  Before  that  date  there  were  only  five  stations  in  opera- 
tion. There  are  a  few  more  in  this  list  than  Mr.  Sellon  has  given,  owing 
to  the  inclusion  of  those  which  are  to  be  started  this  year.  The  noticeable 
fact  is  that  periodicity  is  standardising  itself  very  quickly  towards  50 
periods.  For  four  years  there  has  only  been  one  station  started  with 
any  periodicity  other  than  100,  60,  and  50,  and  that  is  the  Redditch 
station,  which  is  quite  small  and  which  will  probably  follow  Mr. 
F'erranti's  advice  and  come  over  to  50  periods  later,  or  to  60  at  any  rate, 
by  slowing  down.  The  question  is  really  settling  itself,  therefore,  and 
I  think  this  will  apply  to  a  good  many  other  classes  of  manufacture.  I 
have  included  continuous-current  stations  in  the  table,  and  the  ver>' 
large  number  of  440-volt  continuous-current  low-tension  stations  now 
being  started  should  be  noticed.  They  are  now  preponderating  very 
largely  over  the  alternating  and  the  high-tension  Oxford  system. 

But  this  question  of  standardisation  is  such  an  important  one,  both 
to  the  manufacturer  and  consumer,  that  it  should  not  be  left  merely  to 
settle  itself,  and  Mr.  Sellon's  paper  on  the  subject  is  very  opportune. 
Manufacturers  would  be  consulting  their  own  interests  in  the  end  to 
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TABLE   B.— CENTRAL   STATIONS  OF  GREAT   BRITAIN.        Mr.Birks. 
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136 

1 
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1 
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lay  down  definite  standards  for  their  special  classes  of  goods,  and  to 
refuse  to  consider  orders  in  which  unnecessary  variations  from  these 
standards  were  specified.  And  the  Institution  as  a  body  could  do  a 
great  deal  to  help  in  keepin^^  these  standards  uniform  by  bringing  the 
various  manufacturers  and  consumers  into  consultation. 

Mr.  A.  E.  Levin  :  In  considering  the  effect  of  the  consulting 
engineer  on  standardisation  of  plant,  it  may  be  perhaps  interesting  to 
look  at  what  is  happening  on  the  Continent.  The  Continent  is  usually 
regarded  as  a  kind  of  terrestrial  paradise,  where  consultants  cease  from 
troubling  and  designers  are  at  rest,  but  I  think  we  shall  find  that,  in 
spite  of  this,  standardisation  has  not  made  very  great  progress  there. 
To  take  a  small  but  by  no  means  unimportant  matter,  there  is  not  even 
a  standard  system  of  screw  threads  in  spite  of  the  enormous  advantage 
attained  by  the  universal  use  of  the  metric  s\^stem.    Some  manu- 
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Mr.  Levin.  factuTcrs  use  the  Whitworth  thread  pure  and  simple  ;  some  use  an  even 
diameter  in  millimetres  with  the  nearest  Whitworth  pitch,  while  others 
have  adopted  a  metrical  diameter  and  metrical  pitch,  which  is,  after 
all,  the  most  logical  arrangement.  Coming  to  electrical  questions  we 
find,  although  the  periodicity  is  usually  lower  than  was  formerly 
customary  in  this  country — that  is  to  say,  from  40  to  50  or  perhaps  60 — 
yet  there  is  by  no  means  uniformity  in  the  exact  value  of  the  periodi- 
city. In  Switzerland  alone  there  are  stations  running  with  35,  38,  40, 
42,  45,  48,  50,  and  52  periods.  I  venture  to  differ  from  Mr.  Esson 
when  he  says  the  question  of  periodicity  is  not  a  very  important  one. 
Although  a  difference  of  two  or  three  periods  may  not  affect  motors  or 
transformers  at  all,  yet  even  the  differences  which  I  have  mentioned, 
say  between  40  and  52  or  55,  are  sufficient  seriously  to  hamper  the  pro- 
duction of  small  motors  in  large  numbers,  or  the  stocking  of  such 
motors  ready  for  work.  The  moral  to  be  drawn  therefrom  is  that 
standardisation  must  begin  with  the  larger  plant  and  not  with  the 
smaller.  Every  generator,  at  all  events  every  large  generator,  which  is 
built  and  turned  out  with  an  abnormal  frequency  creates  a  market  for 
motors  and  transformers  which  will  probably  soon  attain  a  much  larger 
value  expressed  in  total  cost  price  than  the  generator  itself,  so  that  the 
evil,  once  started,  will  go  on  increasing.  The  tendency  which  is  now 
so  very  distinctly  shown  by  the  tables  prepared  by  Mr.  Birks  to  bring 
down  the  frequency  to  a  standard  value  of  50  is,  I  believe,  a  very 
healthy  sign,  and  I  have  no  doubt  that  it  will  make  itself  felt  in  the 
future. 

Mr.  Adden-  Mr.  G.  L.  Addexbrooke  :  I  think  it  was  rather  a  mistake  of  the 

Institution  to  define  frequency  with  great  strictness,  as  there  is  not  yet 
a  sufficient  amount  of  knowledge  to  enable  us  to  define  the  frequency 
except  in  large  ratios.  I  think  that  as  we  progress,  and  are  able  to  go 
more  carefully  into  the  actions  of  alternating  motors,  we  shall  arrive  at 
reasons  which  may  cause  us  slightly,  or  even  considerably,  to  vary 
frequencies  from  those  now  used.  And  although  it  may  be  desirable  to 
standardise  the  frequency  for  the  moment,  yet  it  is  very  important  to 
prevent  that  stopping  progress.  I  cannot  help  thinking  that  many  of 
the  difficulties  which  have  arisen,  and  which,  no  doubt,  to  a  large  extent 
have  given  rise  to  Mr.  Sellon's  paper,  have  been  due  to  the  fact  which 
Mr.  Evershed  has  referred  to,  namely,  that  the  progress  of  the  electrical 
industry  in  this  country  has  not  been  a  normal  one.  I  have  had  occasion 
to  go  into  the  question  lately,  and  the  more  carefully  I  have  considered 
it,  the  more  clearly  it  has  become  apparent  that  the  industry  in  this 
country  has  been  forced  out  of  its  natural  lines  by  legislative  action. 
This  fact  affects  the  question  in  many  ways  that  do  not  seem,  at  first 
sight,  to  have  anything  to  do  with  it.  For  instance,  the  fact  that  most 
of  the  work  was  practically  thrown  into  the  hands  of  municipalities  led, 
at  a  certain  period,  to  a  large  number  of  young  men  with  very  little 
commercial  experience  (probably  not  more  than  that  obtained  by  going 
through  works)  being  appointed  as  station-engineers.  In  the  usual 
course  of  things,  if  there  was  a  consulting  engineer  to  start  with,  the 
Town  Council,  after  a  time,  think  that  his  services  are  superfluous,  and 
that  they  had  better  trust  their  own  engineer.    Many  of  those  young 
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men  have  been  very  successful,  and  have  begun  to  draw  the  specifica- 
tions which  they  think  proper,  whereas  there  is  no  doubt  that  the 
drawing  and  handling  of  a  proper  specification  are  the  most  difficult 
things  that  one  can  well  come  across.  As  Mr.  Hammond  has  said,  the 
consulting  engineers  whom  corporations  seem  to  delight  to  consult  are 
really  what  may  be  called  putters-through  of  jobs  on  the  most 
economical  lines  for  their  customers.  Of  course  that  is  one  view  of  the 
consulting  engineers'  position,  but  I  venture  to  say  that  is  not  the  view 
held  in  other  branches  of  engineering,  and  that  the  experience  of  two  or 
three  centuries  with  other  forms  of  engineering  has  shown  that  there 
is  room  for  at  any  rate  a  certain  number  of  consulting  engineers  who  do 
know  their  work,  and  who  are  at  any  rate  something  more  than  putters- 
through  of  jobs  on  economical  lines.  A  little  later,  when  the  interests 
of  electrical  undertakings  get  larger,  and  huge  sums  of  money  must  be 
spent  on  them,  perhaps  there  may  be  a  greater  inclination  to  look  for 
real  scientific  and  good  advice  on  these  subjects.  On  the  other  hand, 
the  fact  that  municipalities  with  no  consulting  engineer  have  very  little 
knowledge  of  electricity,  and  are  liable  to  be  swayed  to  a  certain  extent 
by  those  who  most  persistently  put  their  claims  before  them,  has  led  to 
a  great  deal  of  work  in  this  country  being  done  by  men  who  I  do  not 
think  would  have  been  employed  by  shareholders  if  they  were  risking 
their  own  money  in  the  undertakings,  and  some  of  these  men  have  no 
doubt  issued  some  very  extraordinary  specifications.  I  think  the 
matter  is  settling  itself  to  some  extent,  and  although  I  think  Mr.  Sellon's 
paper  will  be  most  useful  in  calling  attention  to  the  question,  it  would 
be  a  pity  for  the  Institution  to  go  too  far  in  endeavouring  absolutely  to 
standardise  things.  That  is  rather  a  manufacturers'  question.  There 
arc  numbers  of  things,  as  for  instance  sizes  of  shafts  and  bearings, 
which  should  be  what  they  are  specified.  It  is  quite  possible  that 
Willans,  and  other  good  makers,  make  their  engines  with  the  bearings 
actually  the  size  they  are  supposed  to  be,  but  that  is  by  no  means 
always  the  case.  It  would  be  extremely  convenient  if  the  sizes  of  shafts 
^-ere  really  as  specified,  and  not  left  to  the  man  at  the  lathe  to  take  his 
final  cut-off  to,  say,  within  a  64th  of  an  inch.  Much  work  of  that  kind  could 
be  standardised  very  well,  but  by  the  manufacturers  themselves,  with, 
perhaps,  the  assistance  of  consulting  engineers.  But  standardisation  of 
principles,  as  other  speakers  have  said,  is  a  very  difficult  matter.  As 
an  instance  :  with  regard  to  tramway  work,  Mr.  Stuart  Russell  has 
spoken  of  standardising  that  with  lighting  work.  I  think  there  is  little 
doubt  if  we,  and  the  Americans  also,  were  beginning  tramway  work 
all  over  again,  but  with  our  present  experience,  we  should  prefer  600 
to  500  volts.  It  would  lead  to  an  enormous  saving  of  copper  and  drop, 
and  would  have  many  advantages.  The  fact  that  Mr.  Stuart  Russell 
argues  one  way  and  I  can  at  once  bring  forward  an  argument  in 
another  direction,  shows  how  difficult  the  question  is.  The  moment 
you  begin  to  standardise,  especially  on  matters  of  principle,  you 
open  up  a  field  for  illimitable  argument,  so  that  I  think  it  is  not 
advisable  to  go  too  far  in  that  way,  but  to  begin,  as  other  people 
have  said,  at  the  bottom. 

Mr.  C.  E.  Grove  ;  Several  kinds  of  standardisations  are  mentioned 
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Mr.  Grove,  in  the  paper.  We  have  standardisation  in  the  sense  of  trying  to 
do  the  same  thing  in  different  places  in  the  same  way,  and  standard- 
isation of  that  kind  which  is  specialisation,  one  person  doing  one 
thing  and  another  person  doing  another  thing.  These  are  really 
totally  distinct  questions.  There  is  a  great  deal  of  human  nature  in 
this  problem,  and  I  think  there  lies  the  principal  difficulty.  If  an 
engineer  in  one  place  puts  down  a  plant  to  do  electrical  work,  he 
brings  to  the  choice  of  his  plant  his  own  knowledge  and  opinions. 
Another  man  in  another  place,  having  a  similar  problem  to  solve,  brings 
his  knowledge  and  opinions.  The  one  man  may  have  a  fancy  for 
Lancashire  boilers,  and  the  other  for  water-tube  boilers  ;  the  one  would 
prefer  slow-speed  engines,  and  the  other  high-speed  engines.  It  is  not 
altogether  a  mere  question  of  fact  as  to  what  a  given  boiler,  or  engine, 
or  dynamo  will  do,  because  with  facts  equally  well  known,  or  equally 
well  at  the  disposal  of  different  engineers,  they  will  arrive  at  different 
conclusions.  Our  industry  will  have  to  be  a  great  manj'  years  older 
before  these  questions  have  been  thoroughly  thrashed  out.  There  is 
at  present  no  consensus  of  opinion  as  to  what  conditions  determine  the 
use  of  one  type  of  boiler,  or  one  type  of  engine,  or  whether,  say. 
continuous  currents  at  500  volts  or  alternating  currents  should  t>e  used, 
and  so  on.  Until  these  questions  are  settled,  the  broad  question  of 
standardisation  must  stand  over.  The  manufacturer,  who  lays  himself 
out  to  make  a  range  of  machines  does,  I  think,  to  a  much  larger  extent 
than  appears  to  be  known  from  the  general  drift  of  the  discussion, 
standardise  those  parts  which  are  more  or  less  invariable,  specially 
designing  only  those  parts  which  must  vary  with  the  particular  output, 
the  particular  voltage,  and  particular  speed  of  the  machines. 

I  think  there  is  room  for  a  good  deal  to  be  done  in  this  country  in 
the  direction  of  specialisation,  that  might  be  mutually  advantageoas  to 
everybody,  but  it  must  be  done  by  some  species  of  combination  or 
agreement.  At  present  there  are  electrical  firms  all  over  the  countr>' 
that  are  doing  nearly  every  class  of  work  in  one  factory.  They  can- 
not suddenly  and  by  the  will  of  anybody  be  eliminated.  There  is 
capital  employed  there :  there  are  the  personal  objects  and  ambi- 
tions of  the  capitalists  and  the  engineers  who  determine  that  they 
will  do  what  they  have  laid  themselves  out  to  do,  and  if  one  or  more 
prominent  firms  took  a  definite  line  and  became  successful  in  it  and 
achieved  the  success  which  standardisation  is  supposed  to  bring,  there 
would  at  once  spring  up  the  competition  of  others  willing  to  share  their 
business  with  them  and  to  do  the  same  thing  more  or  less  in  the  same 
way,  but  yet  so  far  different  that  their  system  should  be  distinctive  and 
that  they  should  have  something  different  Ho  show  to  the  potential  cus- 
tomers of  the  other  firm.  These  things  must  be  always  recognised,  bul 
this  discussion  might  set  people  moving  in  the  direction  of  agreeing 
more  or  less  among  themselves  that  one  will  undertake  one  class  of 
work,  say  alternating  work,  another  continuous-current  work,  and  that 
the  man  who  makes  switches  shall  be  encouraged  by  purchasers  buy- 
ing from  certain  markets  instead  of  everybody  trying  to  make  sifcilchcs 
and    switchboards.     In  that  way  we  may  in  time  get  a  useful  and 

*^  economical  production  in  the  mass. 


Digitized  by  LjOOQ  IC 


1900.]  DISCUSSION".  838 

Professor  Ayrton  :  Referring  to  Mr.  Essons  remarks,  I  do  not  ^!^^^ 
agree  with  him  in  thinking  that  America  is  like  England  in  having  no 
standardisation.  I  think  his  idea — and  I  believe  it  is  also  the  idea  of 
many — arises  from  people  not  having  analysed  exactly  what  the  American 
system  is.  Quite  recently  I  have  discussed  the  matter  with  several 
Continental  electrical  engineers ;  and  some  of  them,  like  myself,  having 
travelled  several  times  in  America,  have  arrived  at  the  conclusion  that 
undoubtedly  there  is  in  America  in  electrical  work  something  that  does 
not  exist  in  this  country,  viz.,  standardisation.  Standardisation,  from 
the  American  point  of  view,  does  not  in  the  least  mean  «o  progress. 
They  are,  as  everybody  knows,  an  extremely  radical  people  ;  but,  on  the 
other  hand,  they  are  extremely  conservative.  I  mean,  that  if  you  go  to 
an  electrical  factory  at  any  particular  time  they  have  one  type  of  a 
particular  thing  :  they  won't  change  it  for  anybody.  That  is  the  type  : 
take  it  or  not  as  you  like  ;  and  if  you  want  small  changes  made  in  it 
they  say  they  cannot  make  them  ;  you  can  have  that  type  or  go  else- 
where. But  that  does  not  mean  that  the  factory  itself  is  not  making 
experiments  or  endeavouring  to  improve  the  type.  They  do  not  bring 
the  improved  type  into  the  market  for  some  considerable  period,  and 
during  the  whole  of  that  period  they  have  the  one  type.  We  have  an 
example  of  that  in  Rotherham's  watch-making  business  at  Coventry. 
If  I  remember  aright,  that  firm  makes  five  sizes  of  watches,  and  Mr. 
Kotherham  told  me  that  he  would  make  no  other  kinds  for  anybody. 
He  could  turn  out  500  good  watches  per  week,  but  they  must  all  be  of 
one  or  other  of  those  specified  sizes.  That  does  not  mean,  of  course, 
that  Mr.  Kotherham  is  not  making  any  experiments  in  his  machinery 
and  various  other  things  and  improving  what  he  puts  out,  but  for  the 
time  being  you  must  take  one  or  other  of  the  Hve  sizes  of  the  watch 
if  you  want  to  buy  from  him. 

Mr.  Stuart  Russell  pointed  out  that  consulting  engineers  ask  for  all 
borts  of  slightly  different  requirements  which  prevents  anything  like 
standardisation,  or  like  the  American  system  to  which  I  have  referred. 
This  arises  from  the  fact  that  the  manufacturer  himself  does  not  tell  us 
an3rthing.  Take  the  insulation  of  dynamos  to  which  he  referred.  One 
consulting  engineer  wants  ten  megohms.  It  may  be  very  inconvenient 
to  the  manufacturer  to  guarantee  this,  whilst  perhaps  five  would  be 
very  easy ;  but  that  manufacturer  does  not  state  in  the  circulars  about 
his  dynamos,  or  in  the  price-lists,  that  his  dynamos  have  an  insulation 
resistance  of  five  megohms,  and  no  more,  6r  at  least  that  he  will  not 
guarantee  more,  and  if  a  customer  wants  more  he  must  go  elsewhere, 
as  the  dynamos  made  by  that  firm  have  that  particular  insulation. 
If  the  manufacturer  would  state  exactly  what  are  the  properties  in  every 
detail  of  his  machine,  it  would  be  ridiculous  for  a  consulting  engineer 
to  say  that  he  wanted  something  slightly  different,  although  he  knew 
perfectly  well  that  it  would  cost  a  great  deal  more  to  make  it.  But  if 
he  does  not  know,  what  is  he  to  do  ?  I  do  not  know,  for  example,  in 
the  least  wliat  is  the  standard  insulation  of  the  particulai*  dynamos  made 
by  each  particular  firm. 

[Mr.  E86ON  :  There  is  none.] 

Mr.  Esson  says  there  is  none.    Why  do  not  Messrd.  Johnson  and 
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Phillips,  of  whom  Mr.  Esson  is  their  most  competent  engineer,  say  that 
they  can  supply  dynamos  with  a  particular  insulation — not  less,  that  is  to 
say ;  of  course  it  may  be  as  much  more  as  you  like.  And  the  same  with 
regard  to  measui'ing  instruments.  Mr.  Evershed  has  pointed  out  that  it 
is  absurd  to  talk  about  2  per  cent,  near  the  zero.  But  I  go  to  the 
more  important  point,  e.g.y  the  working  part  of  the  scale.  Do  manufac- 
turers of  measuring  instruments  say,  for  example,  that  they  guarantee 
tlicir  ordinary  type  of  ammeter  or  voltmeter  as  correct  to,  say,  2  per 
cent,  at  the  middle  of  the  scale,  and  that  that  is  the  qualification  of  that 
particular  price  of  ammeter  ?  If  they  did,  and  a  consulting  engineer 
specified,  say,  1*8,  then  on  his  head  would  be  the  risk  of  an  enormously 
higher  price  being  asked.  But  if  he  does  not  know,  is  not  told,  and  has 
no  means  of  finding  out  in  a  general  way  without  inquiry  of  every 
manufacturer,  what  is  the  limit  of  accuracy  in  each  case,  it  is  quite 
likely  he  may  specify  a  slightly  higher  limit  than  the  firm  in  question 
is  accustomed  to  produce.  In  that  case  of  course  they  have  to  charge 
very  much  more.  It  seems  to  me,  therefore,  that  manufacturers  have  the 
matter  very  much  in  their  own  hands.  It  is  most  important  to  get  the 
American  standardisation,  which,  as  I  have  already  said,  does  not  mean 
stagnation  ;  but  only  conservative  radicalism.  Let  the  manufacturers 
tell  us  honestly  exactly  what  are  the  qualities,  in  every  detail,  of  their 
manufactured  articles,  and  I  will  undertake  to  say  that  consulting 
engineers  will  ask  for  exactly  those  qualifications. 

Mr.  W.  B.  Essox  :  May  I  point  out  that  already  a  standard 
lias  been  introduced  by  the  Board  of  Trade?  The  Board  of  Trade 
says  that  every  dynamo  shall  be  capable  of  withstanding  a  pressure 
50  per  cent,  above  its  working  pressure  for  one  hour  before  it  is 
put  into  use.  But  the  consulting  engineers  won't  have  that ;  they 
want  something  else.  All  our  apparatus  will  do  that,  but  they  want 
ten  times  the  working  pressure. 

Mr.  Stephen'  Sellon  :  If  the  alleged  sins  of  the  consulting  engineer, 
which  have  been  pretty  well  debated  during  this  discussion,  could  prove 
the  virtues  of  the  manufacturer,  I  could  congratulate  the  author  on 
having  read  a  most  successful  paper  and  on  having  proved  his  points  ; 
but  is  it  so  ?  By  some  peculiarity  of  reasoning  the  author  appears  to 
think  that  consulting  engineers  have  banded  together  in  some  unholy 
league  to  prevent  the  standardisation  of  electric  engineering  plant, 
whatever  that  may  mean,  as  Mr.  Raworth  rightly  questions.  The  tone 
of  the  paper  throughout  seems  to  be  like  a  voice  crying  in  the  wilder- 
ness, "  Mr.  Consulting-Engineer,  will  you  please  let  me  standardise — 
that  is,  if  you  have  come  to  stop."  Come  to  stop,  indeed  !  I  hope  that 
the  author,  during  the  interval  since  his  paper  was  read  and  discussed, 
has  taken  the  trouble  to  look  round  the  portraits  which  he  will  see  in 
this  theatre.  If  he  has,  can  he  then  suggest  that  the  consulting  engineer 
is  like  some  mushroom,  which  has  just  cropped  up,  some  sort  of  noxious 
article  which  has  suddenly  been  introduced  into  the  electrical  world, 
and  that  he  is  desirous  that  it  should  be  immediately  obliterated  ?  At 
any  rate  we  consulting  engineers  have  some  little  more  regard  for  the 
men  who  have,  to  a  considerable  extent,  aided  and  abetted  in  improving 
the  trade  and  commerce  of  this  country  to  the  extent  they  have.    What 
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has  a  consulting  engineer  to  do  with  standardisation  ?    Is  it  not  entirely  Mr. 
a  manufacturers*  question  ?     Professor  Ayrton  has  pointed  out  to-night 
that  it  is  entirely  in  their  hands.    If  they  have  a  good  standardised 
article,  they  may  be  quite  sure  the  consulting  engineer  will  adopt  it. 
But  then  there  are  manufacturers  and  manufacturers,  and  though  one 
manufacturer  does  standardise,  as  Mr.  Robinson  said  the  other  night, 
there  are  other  manufacturers  who  do  not  standardise,  and  never  will 
have  anything  worth  standardising.    The  author  says  that  in  the  eaily 
days  experiment  and  development  by  trial  and  error  are  desirable  and 
inevitable.    That  is  true,  but  the  buyer  asks  that  he  should  be  protected 
by  the  consultant  engineer  in  such  a  manner  that  the  plant  purchased 
has  *gone  beyond  the  experimental  stage,  and  that  the  manufacturer 
should  not  experimentalise  at  the   buyer's  expense.     In  the  field  of 
electric  traction  many  mistakes  have  been  made  by  manufacturers,  who, 
instead  of  starting  where  Continental  and  American  manufacturers  have 
ended,  have  commenced  in  this  country  at  the  bottom  of  the  ladder, 
and,  consequently,  have  had  all  the  failures  that  the  Continental  and 
American  manufacturers  had  six  and  ten  years  ago.    The  fact  is,  when 
electric  traction  began  in  this  country  no  manufacturers  were  ready  for 
it,  no  machines  could  be  said  to  be  reliable  for  the  purpose  for  which 
they  were  intended,  and  the  consultant  engineer  was  either  bound  to 
specify  what  he  wanted  for  his  own  particular  ends,  or  else  he  had  to 
buy  or  to  specify  something  which  could  be  obtained  better  on  the  Con- 
tinent.   Even  after  it  did  begin,  I  ask  you,  could  you  look  with  satisfac- 
tion on  some  of  the  tramway  plant  that  was  put  up  in  this  country  in  the 
first  instance  ?    A  great  deal  of  that  plant  has  now  been  scrapped.     I 
have  been  engaged  myself  during  the  last  few  years  in  scrapping  plant 
which  has  been  put  in  the  past  on  tramways,  and  putting  in  something 
more  modem  and  satisfactory.    Then  I  ask  you  to  look  at  all  those 
works  which  are  now  being  put  up  in  this  country  for  the  purpose  of 
supplying  to  municipalities,  which  are  now  largely  going  in  for  electric 
traction,  plant  of  Continental  design.     I  ask  you,  why  is  this  ?    Is  it  not 
because  the  manufacturer  in  this  country  has  neglected  to  take  the 
advice  and  also  the  experience  of  his  Continental  neighbours,  and 
standardise  something  that  was  worth  standardising.    "  The  consultant 
engineer  has  to  state  his  wants,"  says  the  author, "  and  the  manufacturer 
will  supply  the  next  best  thing  to  it."    What  sweet  Arcadian  simplicity! 
I  buy  a  watch  with  a  six  months'  guarantee,  and  if  it  does  not  go  I  can 
go  back  to  the  manufacturer,  if  he  exists,  and  ask  him  to  put  that  watch 
in  repair.    If  I  cannot  do  that  I  must  refer  my  clients  to  Big  Ben.    If 
a  buyer  wants  a  complete  equipment  for  a  tramway  and  he  can  be 
assured  that  the  firm  he  goes  to  will  supply  the  articles  he  requires, 
well  and  good.    And  if  the  furm  will  only  tell  him,  like  a  certain  manu- 
facturer of  soap,  that  they  manufactiuc  but  one  particular  article,  and 
he  must  go  somewhere  else  to  get  the  others,  well  and  good.     But  they 
undertake  to  supply  plant  for  the  whole  purpose,  whether  they  are  able 
or  whether  they  are  not.    This  is  where  the  consultant  comes  in.     He 
is  able  to  tell,  by  experience,  where  the  best  plant  for  the  purpose  can 
be  obtained  :  that  is  the  object  of  his  existence.    If  there  were  no 
rogues,  you  may  be  quite  sure  no  consultant  engineer  would  take  the 
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s'seiion  trouble  to  write  specifications.  The  buyer  will  thus  get  a  plant  wbich 
will  enable  him  to  fulfil  and  comply  with  the  various  Acts  o£  Parliament 
under  which  he  obtained  his  powers  and  procure  the  confidence  of 
the  public  for  whom  he  is  catering.  And  that  is  of  course  a  most 
important  point,  because  no  manufacturer  can  possibly  guarantee  for 
the  failure  of  a  tramway  plant.  The  author  has  not  graded  the 
consultant  engineer  ;  I  am  therefore  desirous  of  saying  that  of  course 
in  speaking  I  am  not  necessarily  backing  up  the  young  engineer  who  is 
suddenly  called  in  to  make  a  specification,  who  is  probably  just  out 
from  his  pupilage,  and  who  is  more  capable  of  playing  a  game  of  50 
up  than  he  is  of  writing  out  a  specification.  Neither  am  I  trying  to 
champion  the  cause  of  the  engineer  who  is  employed  by  the  financier 
and  the  contractor  alike,  and  who  is  there  simply  as  a  sort  of  respect- 
able blind  to  hide  the  real  relationship  between  the  buyer  and  the 
seller ;  but  I  am  championing  the  cause  of  those  who  have  assisted  in 
making  the  electric  traction  industry  what  it  is  now.  I  am  cliampioning 
the  cause  of  those  who  have  spent  their  lives  in  so  working  out  the 
tramway  industry  and  bringing  legislation  to  such  a  condition  as  to 
make  it  possible,  the  result  of  which  is  now  filling  the  workshops  of  the 
manufacturer.  The  leaders  of  those  men  arc  those  whose  cause  I 
champion.  For  these  reasons  I  think  the  author  has  been  unjust. 
He  has  shown  a  disinclination  to  treat  the  whole  subject  in  a  generous 
spirit.  Whether  it  is  the  time  to  standardise  is  a  matter  for  grave 
consideration.  We  are  now  going  in  for  continuous-current  machines. 
•  I  am  sure  there  are  many  in  this  room  who  will  agree  with  me  that  the 

time  may  shortly  come  when  the  continuous-current  machine  will 
depart  from  use  in  traction  work,  and  that  three-phase  must  be  adopted. 
If  so,  it  is  not  yet  the  time  to  standardise,  nor  have  we  seen  what  the 
effect  of  continuous-current  machines  will  have  upon  the  various  vested 
interests  of  this  country.  I  think  that  Mr.  Mark  Robinson  has  com- 
pletely answered  the  author  ;  he  has  shown  that  he  has  been  able  to 
standardise  in  spite  of  the  electrical  engineer,  that  he  has  received 
every  assistance  from  the  electrical  engineer,  and  that  the  reputation  of 
his  firm,  which  we  all  know,  has  been  such  that  the  engineers  in  the 
past  have  been  enabled  to  leave  the  details  to  him. 

Mr.  Mr.  J.  E.  Kingsbury  :  I  think  it  would  be  unfair  if  we  allowed  Mr. 

Sellon's  remark  that  the  author  has  been  unjust  to  pass  unchallenged. 
It  appears  to  me  that  the  author  has  taken  a  very  generous  view  of  the 
respective  positions  of  the  engineer  and  the  manufacturer ;  at  the  same 
time,  it  has  occurred  to  me  that  he  was  trying  to  arrive  at  the  result  of 
standardisation  in  the  wrong  way.  His  remarks  as  to  the  general  aim 
of  standardisation  and  the  comparison  of  America  and  the  Continent 
leave  out  of  account  the  important  point  which  has  been  suggested, 
that  the  American  standardisation  arises  from  a  standardisation  of 
supply,  whilst  the  author  is  aiming  at  getting  a  standardisation  of 
demand.  I  doubt  his  doing  that,  but  I  think  he  is  doing  a  wise  thing 
in  trying  to  do  it ;  and  that  he  has  done  something  with  some  element 
of  success  in  it  we  have  heard  from  the  observations  of  the  engineer> 
this  evening,  which  show  that  there  would  be  a  great  ad\'antage  in  a 
little  more  conference  between  engineer  and  manufacturer  than  seems 
on  the  whole  to  exist. 


Kingsbury. 
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Mr.  J.  F.  C.  Snell  [communicated] :  Mr.  Sellon's  paper  is  one  of  l^"^,, 
the  utmost  importance  to  both  producer  and  user.  From  the  "  user's 
engineer's"  point  of  view  this  standardisation  is  an  important  matter, 
inasmuch  as  it  is  bound  to  reduce  the  capital  cost  of  plant,  and 
therefore  the  total  cost  of  production  of  energy  to  the  user's  con- 
sumers. 

The  alternating  section  shows  the  worst  record  from  the  fact  that  not 
only  does  the  primary  voltage  vary  in  so  many  cases,  but  the  different 
frequencies  are  alarming.  The  direct-current  section  is  not  so  bad, 
though  it,  too,  is  not  without  its  faults.  Although  the  question  of 
uniformity  of  pressure  of  supply  is  now  practically  settled,  the  sizes  of 
machines  vary  very  much  ;  in  Mr.  Wordingham's  admirable  paper  it 
was  shown  what  a  variet>'  of  machines  existed  in  stations  of  sizes 
from  30  to  300  kilowatts.  One  sometimes  hears  of  a  153 '6  kilowatt 
generator  being  called  for,  and  in  another  instance  of  150  kilowatts ; 
surely  some  direct  multiple  of,  say,  50  for  smaller  sizes  and  100  for 
larger  sizes  would  suit  every  one  ! 

I  have  not  been  consistent  in  this  respect,  as  it  has  been  my  custom 
to  ascertain  the  standard  sizes  of  engines  from  several  well-known 
makers,  and  to  fit  in  the  dynamos  accordingly.  But  this  is  not  enough, 
for,  while  helping  the  standardisation  of  engines  of  a  certain  class 
only,  the  dynamo  manufacturers  are  altogether  left  in  the  cold,  since 
they  have  not  only  these  types  of  engines  to  consider,  but  the  sizes 
and  speeds  of  very  many  others.  In  view  of  the  great  vitality  of 
electrical  work  in  Great  Britain  to-day — which  is  apparently  to  continue 
— and  also  of  the  fact  that  multiphase,  single-phase,  high-tension  direct 
and  ordinary  low-tension  direct  systems  all  have  their  advocates  and 
raisons  dcirCy  condensing  and  noncondensing  engines  (though  it  is  to 
be  hoped  the  latter  will  soon  be  a  thing  of  the  past  in  station  work)  and 
so  many  other  details  are  involved,  I  think  the  Institution  will  be 
helping  everybody  if  it  will  appoint  a  representative  committee,  drawn 
from  our  own  Council,  from  both  engine  and  electrical  producers,  and 
from  representative  users.  Such  a  committee  could  draw  up  a  list  of 
standards  to  which  all  concerned  could,  in  some  measure,  adhere. 
Difficulties  will  no  doubt  be  met  with :  many  engine  makers  already 
have  their  standards,  and  patterns  for  them — these  could  perhaps  be 
incorporated  ;  but  at  least  a  system  would  be  evolved  which  would 
minimise  these  difficulties  (even  if  it  could  not  be  hoped  to  eliminate 
them)  and  the  patriotism  of  every  producer  and  user  alike  would,  I 
think,  compel  him  to  adopt  in  future  the  standard  most  nearly  fitted  to 
his  individual  case. 

Mr.  Charles  Bright,  F.R.S.E.  [communicated]  :  Seeing  that  the  Mr.  Bright 
field  for  debate  is  so  wide,  I  will  not  attempt — as  a  start  off — to 
challenge  the  title  of  Mr.  Percy  Sellon's  important  paper  (this  Mr. 
Raworth  has  already  done  in  so  academic  a  spirit),  but  will  at  once 
say  that,  whilst  very  fully  appreciating  the  excellence  of  Mr.  Sellon's 
suggestions,  I  cannot  quite  agree  with  some  of  his  arguments.  For 
instance,  I  venture  to  think  that  the  fact  of  electrical  engineering 
having  been  practised  on  so  much  larger  a  scale  in  the  United  States 
hitherto  than  in  this  country  can  be  sufficiently  accounted  for  by 
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Mr.  Bright.  Other,  Hiuch  larger,  considerations  than  the  want  of  standardisation 
in  electrical  engineering  plant  over  here — to  wit,  the  comparative 
conservatism  of  Enghsh  officials  rendering  the  demand,  and  therefore 
the  supply,  materially  less,  the  difference  in  the  cost  of  gas,  the 
much  greater  distances  to  be  covered,  etc.  In  the  case  of  Germany, 
too,  surely  the  non-reciprocation  of  free  trade  goes  a  long  way  to 
explain  English  manufactures  not  meeting  with  as  much  demand  as 
we  should  like  in  comparison  with  German  material.  In  fact  the 
whole  explanation  is,  surely,  one  somewhat  wrapped  up  with  con- 
siderations of  political  economy. 

To  add  force  to  his  point,  Mr.  Sellon  seems  rather  to  have  gone 
out  of  his  way  to  condemn  the  consulting  engineer  wholesale  to  an 
untimely  end ;  but  surely  his  type  is  an  unfortunate  one,  and  not,  I 
hope,  in  accordance  with  the  law  of  averages.  I  venture  to  think 
that  those  who  have  previously  served  their  time  in  engineering 
works,  or  under  a  recognised  engineer,  are  well  able  to  appreciate 
the  importance  of  allowing  a  manufacturer  of  high  standing  to 
approach,  and  carry  out,  details  of  construction  in  his  own  way.  I 
also  venture  to  think  that  a  consulting  engineer  with  the  above  all- 
round  engineering  training  is  unlikely  to  show  himself  to  be  a  wanton 
faddist  in  his  specification  generally.  The  fact  is,  I  doubt  whether 
"  faddism  "  is  any  more  characteristic  of  the  consulting  engineer  than 
that  of  any  other  member  of  the  community,  but  is  purely  a  question 
of  character,  training,  and  experience.  Have  we  not  also  the  politician 
who  sees  only  as  far  as  his  parish  pump,  for  want  of  a  wider  sphere 
of  knowledge  and  experience  ? 

Further,  I  would  say  that  many  consulting  engineers  would  have 
been  only  too  glad  if  the  producers  of  electrical  engineering  materials 
had  a  little  earlier  in  the  day  gone  in  for  standardisation.  Moreover, 
I  certainly  agree  with  Mr.  Sellon  that  they,  the  producers,  are  the 
best  judg  s  from  a  commercial  standpoint  of  the  best  standards  to 
adopt ;  only  they  must  give  us  a  wide  scope  to  choose  from  to  suit 
all  sorts  of  requirements.  No  doubt  Mr.  Sellon's  suggestion — so  far 
as  the  future  is  concerned — is  mainly  with  a  view  to  traction  and  the 
distribution  of  power  (for  electricity  in  bulk,  so  to  speak),  rather  than 
for  lighting  work.  In  this  connection  it  might  be  noted  that  though 
we  may  be  behind  other  branches  of  civil  engineering  in  a  proper 
understanding  of  professional  etiquette  (as  practised  in  Westminster  for 
a  good  many  years)  we  shall  at  any  rate  be  ahead  of  our  brother 
engineer  in  the  matter  of  standardisation  ;  for  I  t)elieve  it  is  a  fact 
— and  this  will  lend  strength  to  Mr.  Sellon's  argument — that  the  reason 
the  Americans  are  outstripping  us  so  in  the  sale  of  locomotives  is 
largely  due  to  the  fact  that  whereas  our  engineers  are  constantly 
changing  the  types,  in  the  States  the  manufacturer  feels  justified  in 
turning  them  out  en  bloc  and  having  them  ready  on  the  peg,  so  to 
speak,  in  the  same  way  that  a  hatter  produces  hats. 

With  further  reference  to  Mr.  Sellon's  strictures  on  the  consulting 
engineer,  I  observe  that  he  proposes  to  standardise  this  article. 
Perhaps  he  would  go  a  little  further  and  standardise  humanity,  so 
as  to  leave  no  scope  for  "  individuality  "  an)rwhere.    And  what  about 
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the  "  producer "  ?    Perhaps  there    could  even    be  room  for  a  little   ^^*"'  ^^*^*- 
"  standardisation "  there,  whilst  engaged  in  this  entrancing  and  some- 
what exhaustive  occupation  ! 

Finally,  I  should  like  to  say  that  I  feel  sure  a  large  number  of 
consulting  engineers  will,  like  myself,  greet  Mr.  Sellon's  paper  and 
his  practical  suggestions  with  the  greatest  possible  pleasure,  notwith- 
standing the  character  he  gives  us  ! 

Mr.  F.  Bathurst  [communicated]  :  From  the  tenor  of  the  first  Baihurat. 
part  of  the  discussion  it  is  quite  evident  that  every  one  is  agreed  as 
to  the  advisability,  if  not  necessity,  of  evolving  a  better  order  of  things 
from  the  present  electrical  chaos  of  "  design,"  "  systems,"  and  *'  methods 
of  application."  The  admission  is,  therefore,  the  preliminary  step  for 
the  achievement  of  the  object.  The  next  step  is  discussion  as  to  the 
best  means  of  reaching  the  desirable  goal,  and  this  mu«t  be  followed 
by  action.  It  seems  to  me  that  effective  discussion  and  the  consequent 
"  crystallisation "  of  progressive  ideas  and  suggestion  can  be  better 
obtained  by  dividing  the  subject  up  into  its  many  parts,  and  taking 
such  subjects  as  periodicity,  voltage,  speeds  of  generators  and  motors, 
methods  of  distribution,  town  mains  and  house-wiring  systems,  each 
separately,  and  possibly  having  one  or  even  two  papers  written  by 
the  "  extremists  "  on  each  particular  subject  discussed  at  one  time.  It 
is  a  peculiarity  of  electrical  problems  that  the  same  result  can  be 
arrived  at  by  attacking  the  subject  from  apparently  completely  opposite 
standpoints,  and  that  extended  experience  gradually  tends  to  approxi- 
mate the  possibilities  until  we  have  a  practical  verification  of  the 
mathematical  law  that  ''  the  product  of  the  means  is  the  product  of 
the  extremes."  In  other  words,  "standardisation"  can  only  be 
accomplished  through  "specialisation."  The  degree  and  permanent 
success  of  standardisation  lies  mainly  upon  how  far  the  reform  and 
reconstruction  effected  can  accommodate  itself  to  constant  develop- 
ment. In  the  present  state  of  the  electrical  art  it  is  very  difficult 
to  formulate  exact  details,  since  alteration  and  enlargement  become 
necessary  as  new  facts  and  conditions  grow  into  view.  The  point 
is  to  make  a  start  on  the  best  of  present  knowledge,  and  see  that 
"rules"  and  "red  tape"  are  not  allowed  to  render  progress  im- 
possible. 

To-day  we  say  that  America  and  Germany  are  going  ahead  of  us, 
and  I  would  suggest  that  the  general  success  hitherto  enjoyed  by 
English  manufacturers  has  been  reflected  in  the  easy  contentment 
of  the  public  mind.  In  America  my  experience  was  that  the  would-be 
customer's  first  question  is,  "  Can  you  give  me  something  better  than 
the  others  have  ?"  that  is,  what  they  have  not  got.  In  England,  how- 
ever, the  first  question  is,  "  Well,  who  has  already  got  it  ? "  or,  "  What 
do  the  rules  provide  ? "  which  means  that  the  American  has  been 
forced  to  look  out  for  himself,  whilst  the  Englishman  is  content  to 
be  guided  by  what  others  have  hitherto  been  satisfied  with.  The 
American  wants  an3rthing  good  enough  to  go  on  with  until  further 
improvement  comes  along ;  an  Englishman  wants  something  to  last 
"his  day."  In  this  manner  we  have  been  lagging  behind  in  the 
race  as  tf  it  was  the  story  of  the  hare  and  the  tortoise,  but  the  tortoise 
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Mr.  asleep  also,  and  both  awakening  at  the  same  time.    The  hare  then  "gets 

^^'  there."  To-day  it  is  the  "survival  of  the  fittest,"  or,  "progress  by 
natural  selection" — the  judges  having  an  enlightened  intelligence  and 
being  in  the  race  themselves.  Commercially,  in  America,  standardisa- 
tion has  been  one  of  trial  and  error  ;  energy  and  invention  have 
had  freer  scope  than  in  England,  and  wear  and  tear  has  shown  the 
vital  essentials.  Rival  firms  start  in  a  life  or  death  competition, 
and  when  both  arc  nearly  exhausted  a  financier  comes  along  and 
buys  up  both,  and  in  amalgamating  them  into  a  single  large  concern, 
weeds  out  the  useless  or  defective  types  of  the  same  class  of  apparatus, 
producing  ultimately  a  combination  system  which  covers  all  the  best 
points  and  becomes  the  accepted  standard.  England  wants  some 
financiers  of  this  type,  and  lacking  such  enterprising  members  we 
must  fall  back  on  our  individual  selves.  Not  that  we  may  consider  each 
particular  unit  ineffective,  but  the  best  men  must  have  a  leader.  If 
we  cannot  decide  upon  some  leader  in  each  department  of  our 
profession  who  is  to  "  hold  the  reins  "  and  guide  our  respective  efforts 
into  the  right  channels,  then  the  only  alternative  is  to  recognise  the 
importance  of  "  advance,"  and  by  mutual  discussion  formulate  definite 
opinions,  each  one  allowing  his  own  particular  "fads"  to  be  "laid 
by"  or  "adopted"  as  the  majority  dictates,  or  in  other  words,  we 
must  agree  to  "pull  together"  for  the  general  advancement  of  all 
sections  of  the  art,  in  the  belief  that  all   will  be  materially  benefited. 

Mr.  Gelpci.  Mr.  W.  Geipel  [communicated]  :  I  join  with  many  of  the  speakers 

in  expressing  our  indebtedness  to  the  author  for  bringing  this  matter 
before  us  in  so  able  and  concise  a  manner. 

I  agree  with  Mr.  Crompton  that,  at  all  events  in  some  res|>ects,  early 
standardisation  might  not  have  been  advisable ;  nevertheless  there  arc 
excellent  reasons  why  a  committee  for  standardising  in  certain  direc- 
tions might  do  most  useful  work.  The  question  of  periodicity,  which 
has  secured  a  predominant  place  in  the  discussion,  has  already  been 
dealt  with  by  a  committee  of  this  Institution  more  or  less,  and  in 
any  case,  judging  from  the  number  of  municipal  works  more  recently 
installed  which  have  adopted  50  CKJ)  this  question  has  been  practically 
settled  so  far  as  concerns  this  country. 

But  there  are  other  important  matters  which  I  did  not  hear 
mentioned  at  the  discussion  on  the  first  night ;  one  is  that  of  glow- 
lamp  sockets.  It  is  quite  common  for  lamps  by  one  maker  to  have 
caps  which  will  not  fit  the  sockets  provided  by  another  maker.  Thanks 
to  the  monopoly  held  by  the  Ediswan  Company  in  the  early  days  this 
evil  was  not  great,  but  as  the  number  of  manufacturers  of  lamps 
and  sockets  increased  so  the  evil  became  worse.  This  is,  therefore, 
a  subject  upon  which  a  Committee  of  Standardisation  could  advantage- 
ously engage  itself  without  further  delay. 

Another  matter  lies  in  the  present  multiplicity  of  standards  of 
flanges  and  for  valves  and  pipes.  I  am  aware  that  this  is  not  a  subject 
concerning  electrical  engineers  alone,  but  it  is  one  which  concerns 
very  closely  those  who  have  to  design  electricity  generating  stations ; 
and  if  some  standard  be  devised  it  will  be  a  boon  to  many  of  us,  while 
there  is  every  possibility  of  such  standards,  if  settled  for  electrical 
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engineers/being  used  more  and  more  by  other  branches  of  engineers  to  Mr.  Gdpei, 
the  mutual  benefit  of  all. 

The  discussion  appears  to  have  raised  a  controversy  between 
consultants  and  manufacturers  as  to  who  are  responsible  for  the 
absence  of  standards  in  this  country.  For  my  part,  I  am  of  opinion 
that  both  parties  are  to  blame  ;  and  if  the  manufacturers  are  responsible 
for  the  high  periodicity  which  has  been  so  frequently  and  unfortunately 
adopted  in  this  country,  the  consulting  engineers  are  surely  responsible 
for  imposing  upon  consumers  the  iniquitous  pressure  of  200  volts 
and  upwards.  I  am  very  (pleased  to  read  that  the  Board  of  Trade 
have  refused  permission  to  one  very  important  supply  company  which 
proposes  to  increase  the  supply  voltage  from  loo  to  200,  unless  the 
consent  of  the  consumer  be  obtained  in  the  first  place. 

Mr.  Ferranti  has  referred  to  the  difficulties  of  building  alternators 
for  the  high  frequencies  prevailing  in  the  older  stations  in  this  country, 
but,  in  my  opinion,  this  is  a  considerably  less  important  difficulty  than 
that  of  obtaining  efficient  motors.  The  latter  is,  I  consider,  the  para- 
mount consideration. 

It  is  evident  that  if  periodicity  had  been  standardised  in  this 
country  at  too  early  a  date  we  should  have  been  committed  to  a 
high  periodicity  and  one  which  is  most  unsuitable  for  motive  power. 
It  is,  therefore,  fortunate  that  this  mistake  was  not  committed  too 
generally.  I  agree  with  Mr.  Mark  Robinson  that  if  manufacturers 
will  themselves  standardise  their  manufactures,  they  will  not  find  it 
difficult  to  persuade  the  users  to  accept  them.  As  srti  instance  of  the 
power  of  persuasion  which  manufacturers  possess,  I  would  mention 
that  there  is  a  town  in  this  country  where  the  users  originally  adopted 
plant  by  a  particular  maker  with  a  particular  voltage  and  periodicity. 
When  these  good  people  came  to  extend,  another  manufacturer  got 
hold  of  them  and  persuaded  them  that  a  higher  periodicity  was  the 
proper  thing,  with  the  result  that  the  extension  was  made  with  plant 
of  a  higher  periodicity.  Further  on  additional  plant  was  required,  and 
this  time  a  different  voltage  was  recommended,  all  of  which  advice 
was  adopted  by  the  unfortunate  user,  with  the  result  that  there  are 
three  different  sets  of  plant,  none  of  which  can  be  put  into  parallel 
without  considerable  alteration. 

Mr.  R.  P.  Sellox,  in  reply  :  It  is  a  task  of  some  difficulty  to  com- 
press within  eight  or  ten  minutes  a  connected  reply,  owing  to  the  wide 
amount  of  ground  that  has  been  traversed  in  this  discussion,  and  the 
many  important  side-issues  which  have  been  raised.  I  think  that,  apart 
from  a  number  of  subordinate  questions  which  there  is  neither  time  nor 
necessity  to  go  into,  the  essential  points  group  themselves  about  four 
central  propositions,  which  arise  in  the  following  logical  order.  First, 
there  is  the  question  as  to  whether  standardisation  is  backward  in  this 
country  relatively  to  the  foreign  countries  who  are  competing  with  us  ; 
secondly,  as  to  whether  standardisation  is  desirable  ;  thirdly,  whether 
it  is  practicable,  and  how ;  and  fourthly,  whether  the  Institution  ought 
to  take  any  part  in  connection  with  the  matter. 

In  the  first  place,  I  think  that  I  ought  to  define  at  once  what  I  mean 
by  standardisation.     I  think  that  the  fairest  interpretation  of  the  word 
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R*^'p  Sell  *^  •  ^"^^  ^^  understanding  or  agreement  among  buyers  as  to  ends  as 
will  enable  manufacturers  to  go  in  for  quantitative  production.  It  is 
the  standardisation  of  ends,  leaving  means  to  the  manufacturer. 

Now  from  that  point  of  view  I  think,  upon  the  whole,  the  discussion 
has  brought  out  confirmation  of  the  view  that  standardisation  is  further 
advanced  in  America  and  on  the  Continent  than  it  is  in  this  country*. 
We  have  had  Mr.  Levin  here,  who  is  qualified  to  speak  upon  the 
position  on  the  Continent,  and  he  alone,  I  think,  has  thrown  some 
doubt  as  to  whether  standardisation  there  is  in  advance  of  what  it  is 
here.  But,  on  the  other  hand,  we  have  had  a  number  of  speakers 
who  have  agreed  with  the  proposition  that  it  is  so. 

Then  we  come  to  the  second  question.  Is  standardisation  desirable  ? 
and  upon  that  there  has  been  very  little  divergence  of  view.  General 
Webber  has  thrown  doubt  upon  it  on  the  ground  that  standardisation 
is  not  upon  the  whole,  judging  from  America,  in  the  consumer's 
interests,  becz^use  there  you  have  big  combinations  which  practically 
dictate  terms  to  the  buyer.  I  venture  to  traverse  that  statement, 
because  I  think  those  of  us  who  know  the  facts  of  the  intense 
competition  between  the  great  rival  combinations  in  America,  and 
the  way  in  which  it  has  tended  to  reduce  prices  to  a  very  low  ebb, 
are  in  a  position  to  state  that  standardisation,  even  in  America,  has 
been  in  the  consumers'  interest.  We  have  had  a  large  number  of 
opinions,  and  I  think  that  if  we  were  to  take  a  poll  of  the  speakers  we 
should  come  to  the  result  that  standardisation  is  regarded  as  desirable 
by  the  majority  of  the  members  who  have  spoken.  On  behalf  of  the 
manufacturers  we  have  heard  Mr.  Crompton,  Mr.  Ferranti,  Mr. 
Blackburn,  Mr.  Slater  Lewis  ;  then  Mr.  Hammond  and  Mr.  Adden- 
brooke  have  spoken  in  that  sense  on  behalf  of  consulting  engineers ; 
and  Mr.  Leonard  Andrews  and  Mr.  Stuart  Russell  on  behalf  of  the 
users'  engineer.  I  think  that  that  is  a  representative  body  of  opinion 
generally  in  favour  of  the  desirability  of  an  effort  towards  standai'd- 
isation.  Therefore,  I  think  that  this  head  may  be  summarised  by 
saying  that  the  proposition  is  established  in  the  opinion  of  the  members 
who  have  taken  part  in  the  discussion. 

We  then  pass  on  to  the  third  head  :  Is  standardisation  practicable  ; 
and  if  so,  in  what  form  ?  In  reference  to  that  several  speakers, 
Mr.  Ferranti,  I  think,  prominently  among  them,  took  the  view  that 
it  was  too  late.  On  the  other  hand,  Mr.  Andrews  expressed  the 
opinion  that  even  now  central  stations  are  so  much  in  their  early 
stages  that  it  is  the  time  to  make  changes  rather  than  later  on,  when 
the  loss  of  capital  will  be  much  greater  because  the  stations  will  have 
grown  very  much  lai'ger.  I  think,  too,  that  members  should  bear  in 
mind  that  we  are  at  the  dawn  of  electric  traction  in  this  country,  and 
that  electric  power  distribution  on  a  large  scale  is  merely  in  the  air,  so 
that  with  regard  to  those  great  branches  of  electrical  engineering 
it  would  seem  that  now  is  the  time  to  deal  with  the  problem  of 
standardisation,  and  that,  at  any  rate  in  regard  to  those  branches,  it  is 
by  no  means  too  late. 

Much  discussion  has  arisen  as  to  responsibility  for  standardisation  ; 
that  is  to  say,  should  it  originate  from  the  manufacturer  or  from  the 
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consulting  engineer  ?  With  regard  to  that,  I  should  like  to  say  at  once  ^r^  5^,,^^ 
that  I  think  the  absence  of  standardisation  is  in  a  considerable  measure, 
as  many  members  have  said,  to  be  placed  at  the  door  of  the  manu- 
facturer. He  has  in  past  years  dallied  with  inventions.  He  has  not 
had  the  courage  to  do  as  the  Americans  do,  as  Professor  Ayrton  has 
pointed  out,  viz.,  standardise  goods,  manufacture  them  in  quantity,  and 
say  to  the  buyer,  "  You  can  take  it  or  leave  it."  The  difficulty  for  the 
manufacturer  to  do  so  in  this  country  has,  however,  been  very  much 
greater  than  in  America,  because,  as  I  have  endeavoured  to  point  out 
in  my  paper,  in  America  the  manufacturer  is  usually  in  a  better 
position  to  dictate  to  the  buyer.  But,  nevertheless,  I  quite  agree 
that  the  manufacturer  has  been  in  the  past,  in  a  considerable  measure, 
the  cause  of  the  absence  of  standardisation. 

Then  we  pass  to  the  responsibility  of  the  consulting  engineer  in 
the  matter.  In  reference  to  that,  I  should  like  to  say  at  once  that  if  it 
appears  to  any  members  that  my  paper  appears  to  contain  unfair 
criticism  upon  consulting  engineers,  then  it  has  gone  quite  beyond  my 
intention.  My  desire  was  not  to  bring  forward  the  matter  in  a 
sectional  interest,  in  the  interest  of  either  the  manufacturer  or  of  the 
consulting  engineer,  or  of  any  particular  group  in  the  industry,  but  to 
endeavour  to  make  a  fair  and  impartial  criticism  of  the  causes  which, 
in  this  country,  are  responsible  for  the  absence  of  standardisation.  I 
have  never  suggested  that  the  responsibility  lies  exclusively  at  the  door 
of  the  consulting  engineer.  Far  from  that,  every  manufacturer  will 
gladly  own  the  debt  that  he  is  under  to  the  many  able  consulting 
engineers  who  have  helped  to  guide  the  industry  in  the  past.  As  an 
instance  I  need  only  mention  the  late  Dr.  John  Hopkinson  for  you  to 
appreciate  at  once  what  a  debt,  not  only  manufacturers,  but  the 
industry  as  a  whole,  owe  to  consulting  engineers  as  a  body. 

The  last  point  is  as  to  whether  the  Institution  should  concern  itself 
with  the  question  of  standardisation,  and  in  regard  to  that  I  would  only 
say  that  I  agree  with  those  who  take  the  view  that  it  is  against  the 
spirit  of  Englishmen  to  have  regulations  imposed  upon  them  if  they  are 
unwilling  to  receive  them.  Just  as  you  cannot  make  people  virtuous  by 
Act  of  Parliament,  so  you  cannot  make  people  standardise  by  regula- 
tions which  are  irksome  to  them.  I  can  see  no  hope  for  success  in  the 
consideration  of  this  matter  by  a  committee  of  the  Institution  unless  it 
be  approached  with  a  willing  mind  by  both  the  manufacturer  and 
the  consulting  engineer.  Now  I  venture  to  think  that  such  a  large 
majority  of  those  who  have  spoken,  representing  all  sections  of  the 
industry,  consider  that  some  move  towards  standardisation  is  desirable 
and  should  be  made,  that  we  have  got  that  element  of  the  willing 
mind  which  makes  it  worth  while  for  the  Institution  to  see  whether 
some  practical  step  can  be  taken  in  the  direction  which  all  sections 
think  desirable. 

May  I,  in  conclusion,  repeat  what  I  observed  a  few  minutes  ago, 
that  this  paper  has  not  been  prepared  from  any  sectional  point  of  view. 
We  are  all  of  us  thoroughly  alive  to  the  crisis,  because  I  venture  to 
think  it  is  a  crisis,  through  which  the  manufacturing  industry  is  passing 
in  Great  Britain.    There  are  deep-seated  causes  which  are  responsible 
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for  that ;  there  are  great  labour  problems,  great  problems  as  to  materials, 
great  problems  of  organisation  of  works,  which  affect  this  Institution, 
but  not  this  Institution  exclusively,  and  I  therefore  did  not  concern 
myself  to  bring  those  matters  before  you,  because  1  think  that  a  dis- 
cussion upon  them  would  be  rather  academic  than  practical.  But  here 
is  a  mattbr  which  it  seemed  to  me  was  one  which  touched  the  electrical 
industry  more  particularly.  It  was  one  which  we  could  not  merely 
discuss,  but  could  take  action  upon  if  it  seemed  good  to  the  body  of  the 
members  ;  and  it  was  because  I,  in  common  with  all  other  electrical 
engineers,  am  most  desirous  of  seeing  an  improvement  in  the  conditions 
under  which  we  are  conducting  the  industry  here  that  I  have  brought 
this  paper  forward.  I  believe  that  this  matter  can  be  effectively  dealt 
with  by  this  Institution  to  the  advantage  of  the  electrical  industry  at 
large. 

The  President  :  It  is  now  our  duty  to  pass  a  vote  of  thanks  to  Mr. 
Sellon  for  the  paper  he  has  read  to  us  which  has  led  to  this  interesting 
though  rather  prolonged  discussion. 

The  vote  was  carried  by  acclamation. 

The  President  announced  that  the  scrutineers  reported  the  follow- 
ing candidates  to  have  been  duly  elected  : — 


Llewelyn  Birchall  Atkinson. 
Professor  Andrew  Gray,F.R.S., 
LL.D.,  etc. 


Members  : 

William  Walter  Lackie. 


Thomas  Young. 


Associate  Members  : 


John  Carruthers  Beattie,  D.Sc, 

F.R.S.E 
Stanley  Beeton. 


George  Hubert  Woods. 
Associates . 


Charles  Edward  Bright. 
J.  Martin  Carr. 
Henry  James  Cash. 


Montague  James  Allward. 
William  Herbert  Barker. 
Frank  Biliotti. 


Percy  P.  Wheelwright. 
Students  : 


William  Densham. 

John  Lister. 

William  H.  W.  Napier. 


Arthur  Blok. 

John  Butcher. 

Arthur  William  Goodwin. 

Joseph  Shaw  Heath. 

The  meeting  then  adjourned. 


Percy  Spedding  Hudswell. 
Frederick  Hampson  M  or  ley. 
Guy  Walsh. 
Edgar  Robert  W^ynne. 
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The  Three  Hundred  and  Forty-Third  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  25,  Great  George  Street,  West- 
minster, on  Thursday  evening,  March  8th,  1900 — 
Professor  Silvanus  P.  Thompson,  F.R.S.,  President,  in 
the  Chair. 

The  minutes  of. the  Ordinary  General  Meeting  held  on 
February  22nd,  1900,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  the  list 
should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council,  viz.  : — 

From  the  class  of  Associates  to  that  of  Members — 

Alfred  Sharman  Giles. 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

William  John  Crampton.  I      Hilliard  Stephens. 

Bertram  A.  Giuseppi.  |      C.  Percy  Taylor. 

Archibald  Wilson. 

From  the  class  of  Students  to  that  of  Associates — 

Herbert  A.  F.  King.  |      Gordon  Layton. 

Reginald  Savory. 

Messrs.  V.  Watlington  and  L.  J.  Harris  were  appointed 
scrutineers  of  the  ballot  for  new  members. 

Donations  to  the  Library  were  announced  as  having 
been  received  since  the  last  meeting  from  the  Bureau  of 
Exchange  of  Publications  of  the  Republic  of  Uruguay,  to 
whom  the  thanks  of  the  meeting  were  duly  accorded. 

The  President  :  I  have  to  announce  that  the  Council 
has  received  from  the  Secretary  of  the  Northern  Society  of 
Electrical  Engineers  a  formal  request  for  the  incorporation 
of  that  Society  within  this  Institution,  forming  a  local 
section  for  the  district  of  Manchester.     The  incorporation 


Digitized  by  LjOOQ  IC 


346     LEWIS  JOMES  :  APPLICATIONS  OF  ELECTRICITY  [March 8th, 

will  take  place  under  the  terms  of  Article  67  of  our  present 
Articles  of  Association,  and  the  application  for  the  formation 
of  a  Manchester  District  Local  Section  in  the  terms  of 
Articles  65  and  66  is  approved,  subject  to  the  settlement  of 
the  financial  and  legal  details  of  incorporation  which  will 
be  gone  into  in  due  course  by  the  Honorary  Solicitors  and 
the  secretaries.  I  think  I  am  entitled  to  say,  in  making  this 
announcement,  that  the  members  of  the  Council  at  any  rate 
think  that  the  Institution  and  the  members  of  the  late 
Northern  Society  are  alike  to  be  congratulated  on  the  fact 
that  the  Northern  Society  has  thought  well  to  throw  in  its 
lot  with  us,  and  while  it  ceases  to  exist  in  one  capacity, 
comes  to  life  in  another.  The  incorporation  will  have  the 
effect  of  transferring  some  ninety  persons  who  were  not  in 
membership  with  us,  but  were  members  of  the  Northern 
Society,  into  our  ranks  as  members  of  one  or  other  class  of 
this  Institution.  There  were  also,  besides  those  ninety 
members  of  the  Northern  Society,  a  number  of  others  who 
were  already  associated  with  us,  either  as  members,  associate 
members,  or  associates,  and  by  the  fuller  incorporation 
which  we  now  have  attained  we  hope  that  not  only  our 
hands,  but  those  also  of  our  friends  in  the  Manchester 
district,  may  be  strengthened  for  carrying  on  the  work 
which  they  have  conducted  now  for  seven  years  indepen- 
dently of  us  in  the  local  association  which  they  are  now 
winding  up.  We  wish  to  congratulate  them  on  the 
proposition  they  have  made  to  us,  and  at  the  same  time  to 
acknowledge  that  we  are  distinctly  gainers  from  their  action 
in  this  matter. 


ON  THE  APPLICATIONS  OF  ELECTRICITY  IN 
MEDICAL  AND  SURGICAL  PRACTICE. 

By  H.  Leu^is  Jones,  M.D.,  Medical  Officer  in  charge  of  the 
Electrical  Department  in  St.  Bartholomew's  Hospital. 

It  was  with  very  great  pleasure  that  I  received  a  com- 
munication from  your  President  last  autumn,  asking  me  to 
write  you  a  paper  on  Medical  Electricity.  And  it  is  a 
pleasure  to  me  for  several  reasons  :  first,  because  it  is  a 
recognition  by  the  Institution  of  Electrical  Engineers  of 
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the  existence  of  their  somewhat  humble  sister  Medical 
Electricity;  secondly,  because  it  gives  me  an  opportunity 
of  putting  on  record  the  position  which  Medical  Electricity 
holds  at  the  end  of  the  nineteenth  century  ;  and  thirdly, 
because  I  hope  to  be  able  to  give  you  some  information 
which  may  be  new  to  you. 

To  a  certain  extent  there  is  a  correspondence  between 
the  work  of  an  engineer  in  the  repairing  shop  and  that  of  a 
medical  man  in  his  practice  ;  and  this  was  brought  quite 
forcibly  to  my  mind  a  little  while  ago,  when  I  had  occasion 
to  write  and  ask  a  member  of  the  Institution  kindly  to  come 
and  advise  me  with  regard  to  a  motor  which  was  in  feeble 
health.  When  he  came,  he  said  that  he  had  been  sitting  up 
all  night  with  an  engine  which  was  on  the  point  of  breaking 
down.  It  seemed  to  me  to  be  closely  the  kind  of  work 
which  the  medical  man  is  often  called  on  to  do,  substituting 
only  the  human  being  for  the  machine. 

The  medical  side  of  electricity  has  been  prominent  from 
the  early  days  of  the  science.  Its  physiological  effects  were 
among  the  first  observations  made.  In  particular,  the  ex- 
periments of  Aldini  upon  the  muscles  of  recently  killed 
animals  seem  to  have  created  a  deep  impression  upon  the 
people  of  his  day,  and  to  have  held  out  hopes  of  the  dis- 
covery in  electricity  of  valuable  healing  properties. 

Electrical  departments  were  in  existence  in  some  of  the 
London  Hospitals  a  hundred  years  ago.  At  St.  Thomas's  in 
1799,  the  electrical  department  was  under  the  charge  of  a 
surgeon,  Mr.  Birch,  who  has  left  a  very  interesting  "  Letter  on 
Mediq^l  Electricity,"  which  is  printed  in  a  book  called  "  An 
Essay  on  Electricity,"  by  George  Adams.  The  copy  of  this 
work  which  I  possess  is  the  third  edition,  printed  in  1799, 
and  having  for  frontispiece  a  woodcut  representing  a 
medical  man  applying  electricity  in  a  manner  which  clearly 
shows  considerable  scientific  knowledge.  As  some  of  those 
present  may  not  have  seen  it,  I  have  brought  down  the 
woodcut,  and  it  lies  on  the  table  here  for  inspection. 
Among  other  interesting  observations  of  Mr.  Birch,  there 
is  one  which  may  cause  us  to  smile,  or  rather  to  sigh,  at  the 
change  between  his  times  and  ours.  The  Surgeon  writes, 
"  The  ingenuity  with  which  these  simple  modes  of  applica- 
tion may  be  varied,  to  puzzle  and  deceive  the  observation  of 
a  bystander,  is  unbounded,  and  would  have  formed  a  grand 
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basis  for  empiricispi  if  they  had  been  artfully  employed  ;  but 
as  electricity  has  escaped  abuses  I  trust/'  etc.,  etc. 

John  Freke,  F.R.S.,  who  was  elected  Surgeon  at  St. 
Bartholomew's  in  1729,  is  incidentally  referred  to  in  Field- 
ing's well-known  novel,  "Tom  Jones,"  as  an  authority  on 
the  subject  of  medical  electricity. 

It  is  now  one  hundred  and  fifty  years  since  the  begin- 
ning of  Medical  Electricity.  During  the  whole  of  that  time 
it  has  had  to  fight  its  way  in  the  face  of  many  difficulties, 
and  the  most  serious  of  these  has  been  the  passive  resistance 
of  medical  men  themselves.  The  vitality  which  the  subject 
has  shown  under  adverse  circumstances  is  most  significant. 
Medical  electricity  advances  steadily,  and  the  progress  during 
the  last  decade  has  been  very  great.  The  commercial 
application  of  electricity  and  its  house  to  house  distribution 
by  Electric  Lighting  Companies  have  called  into  existence  a 
large  number  of  new  instruments  and  new  methods  of  treat- 
ment, and  is  helping  the  spread  of  the  study  of  medical 
electricity  by  simplifying  the  means  of  obtaining  the  current 
when  required.  The  accumulator  has  been  of  great  service 
by  affording  a  trustworthy  source  of  currents  for  the  use  of 
surgeons  in  their  galvano-cauteries  and  exploring  lamp  in- 
struments. The  discovery  of  the  X  rays  and  their  applica- 
tion to  surgery  and  medicine  have  also  done  good  to  the 
cause  of  medical  electricity  by  bringing  electrical  apparatus 
into  more  extended  use,  and  the  founding  of  X-ray  depart- 
ments in  hospitals  gradually  leads  to  the  development  of 
electro-therapeutic  departments  in  places  where  these  are  not 
already  in  existence.  Most  of  the  London  hospitals  now 
have  electrical  departments,  and  these  are  of  manifest 
utility.  At  St.  Bartholomew's  Hospital  we  have  about  six 
hundred  cases  referred  yearly  to  the  electrical  department 
from  all  quarters  of  the  hospital,  exclusive  of  the  cases  for 
X-ray  photography,  the  numbers  of  which  are  even  greater. 
And  the  results  of  our  treatment  will  compare  favourably 
with  those  in  any  other  branch  of  medical  practice. 

It  is  a  little  difficult  to  speak  on  a  medical  subject  before 
a  non-medical  audience  without  incurring  the  suspicions  of 
those  who  are  always  on  the  alert  for  signs  of  unprofessional 
behaviour,  and  there  is  no  branch  of  medical  practice  upon 
which  the  fierce  light  of  criticism  shines  more  sharply  than 
upon  medical  electricity.      I  shall  therefore  have  nothing 
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to  say  on  such  matters  as  the  relation  of  cases,  statements  of 
cures  and  so  forth,  which  might  be  thought  to  be  unsuitable 
to  my  audience,  but  will  try  to  meet  you  on  the  common 
ground  of  apparatus  and  methods,  and  in  particuJar  I  shall 
try  to  lay  before  you  some  of  the  difficulties  and  problems 
which  arise  in  the  course  of  our  medical  work,  in  the  hope 
that  some  of  them  may  be  solved  by  the  advice  and  sug- 
gestions of  those  who  are  here  present. 

From  conversations  which  I  have  had  at  various  times 
with  engineering  friends,  I  am  disposed  to  think  that  the 
number  and  extent  of  the  applications  of  electricity  to 
medical  practice  are  not  generally  realised  by  electrical 
engineers.  Indeed,  when  I  have  observed  any  reference  at 
all  to  medical  electricity  in  the  proceedings  of  this  and  of 
kindred  societies,  the  reference  has  usually  been  one  of  dis- 
avowal and  dislike.  I  therefore  feel  that  in  making  the 
present  communication  to  you,  I  am  undertaking  the  task 
of  trying  to  show  that  electrical  applications  have  a  large 
and  legitimate  field  of  usefulness  in  medical  practice ;  that 
it  is  quite  possible  to  practise  medical  electricity  withou-t 
thereby  becoming  an  outcast,  and  that  the  advertisements 
of  electropathic  or  magnetic  appliances  do  not  represent  the 
position  of  medical  electricity  any  more  than,  shall  we  say, 
Keeley  represented  all  that  was  best  and  truest  in  electrical 
engineering. 

If  what  I  have  to  say  to  you  may  seem  to  be  about 
trifling  matters,  I  hope  you  will  bear  in  mind  that  our  unit 
is  the  milliampere,  while  yours  is  the  kilowatt,  and  that  the 
currents  which  we  handle  and  use  would  make  but  a  small 
figure  if  their  energy  were  expressed  in  terms  of  horse- 
power. Nevertheless,  in  the  small  technical  matters  which 
have  to  do  with  the  management  of  various  kinds  of  small 
electrical  apparatus,  the  medical  man  requires  a  thorough 
proficiency,  because  it  is  absolutely  necessary  that  he  shall 
be  able  to  make  his  apparatus  work.  On  that  account  we 
may  appear,  in  certain  matters,  to  take  elaborate  precautions 
which  might  seem  to  you  to  be  hardly  necessary.  With 
our  coils  and  batteries  we  require  unfailing  methods  for 
increasing  or  decreasing  the  current  sent  through  the 
patient,  without  stops  or  jerks.  We  have  to  deal  with  the 
electric  light  mains,  either  direct  or  alternating,  or  both. 
And  we  have  evolved  for  ourselves  a  long  array  of  contri- 
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vances  for  utilising  the  public  supplies  of  electricity  for 
meclical  purposes.  Small  transformers,  portable  accumu- 
lators, resistances  to  provide  slopes  of  potential,  which  can 
be  tapped  as  desired  for  varying  voltages,  contrivances  for 
using  the  mains  for  all  sorts  of  medical  purposes  are 
all  enlisted  in  medical  work.  The  statical  machine  is  also 
coming  again  into  favour,  and  to  use  a  statical  machine 
one  must  know  enough  about  its  management  to  be  quite 
sure  that  after  a  patient's  arrival  there  shall  be  no  awkward 
failure  of  the  machine  to  excite.  Otherwise  we  are  likely 
to  be  condemned  as  not  understanding  our .  apparatus,  and 
the  patient  may  be  lost.  All  these  little  matters  can  only  be 
learned  gradually,  and  through  a  course  of  failures  and 
disappointments.  And  when  they  have  been  learned 
thoroughly,  they  constitute  a  very  fair  claim  to  the  title  of 
electrician. 

The  use  of  electricity  in  the  production  of  hot-air  baths 
with  incandescent  lamps  or  electrically  heated  coils  of  wire 
as  the  source  of  heat  is  a  development  of  some  promise ; 
while,  in  the  immediate  future,  we  can  see  the  approach  of 
new  methods  of  treatment  by  the  light  of  the  arc  lamp. 
Each  of  these  will  demand  a  fresh  extension  of  the  field  of 
electrical  operations  which  the  medical  man  will  have  to 
learn. 

And  now  I  feel  sure  that  some  of  you  are  ready  to  ask 
what  can  be  done  with  all  these  numerous  forms  of 
apparatus.  You  might  be  inclined  to  ask  me,  as  a  patient 
of  mine  asked  me  the  other  day,  whether  I  had  ever  done 
anybody  any  good  by  electricity. 

We  will  take  the  simplest  things  first.  No  doubt  it  is 
familiar  to  all  of  you  that  an  electric  shock  produces  a 
muscular  contraction,  but  possibly  you  may  not  all  be 
aware  of  the  extent  to  which  the  study  of  the  muscular  con- 
tractions has  been  developed.  The  muscles  and  their  nerves 
are  tested  by  the  application  of  the  induction  coil  current, 
and  by  the  direct  current  of  a  battery  of  cells  ;  the  effects  at 
opening  and  at  closing  of  the  circuit,  the  comparison  of  the 
action  of  the  positive  pole  with  that  of  the  negative,  and  the 
measurement  of  the  current  needed  to  produce  visible  con- 
tractions are  all  examined,  and  in  this  way  a  system  of 
electrical  testing  has  been  devised  which  affords  the  most 
valuable   indications   in   the   diagnosis  of  diseases  of  the 
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nervous  system.  An  important  part  of  the  work  in  the 
electrical  department  of  a  hospital  is  the  testing  and  report- 
ing upon  cases  of  injury  or  disease  of  the  various  portions 
of  the  nervous  system  and  of  the  muscles,  and  the  accuracy 
of  the  answers  given  by  electrical  testing  is  something  to 
delight  one.  For  exactness  and  simplicity  in  its  responses, 
one  might  compare  electrical  testing  to  the  processes  of 
measuring  with  a  yard  measure  or  weighing  in  a  pair  of 
scales  ;  and  numerous  cases  which  are  quite  obscure  until 
tested  electrically,  become  as  clear  as  daylight  as  soon  as  the 
test  has  been  made. 

The  behaviour  of  a  muscle  under  electrical  stimulation 
is  peculiar,  and  1  think  it  may  be  useful  to  describe  it.  A 
simple  shock,  such  as  a  single  discharge  of  an  induction 
coil  or  of  a  condenser,  or  a  spark  from  the  prime  conductor 
of  a  static  machine,  causes  a  single  muscular  twitch,  which 
within  certain  limits  is  proportionate  to  the  energy  of  the 
discharge  ;  the  contraction  lasts  about  one-tenth  of  a  second. 
A  rapid  succession  of  shocks  causes  a  succession  of  con- 
tractions which  become  fused  so  that  the  muscle  enters  into 
a  permanent  state  of  contraction  which  lasts  as  long  as  the 
stimuli  are  applied.  Stimulation  applied  to  a  nerve  causes 
contraction  in  its  corresponding  muscles,  and  when  the 
stimuli  are  applied  to  the  muscle  itself,  it  is  through  the 
agency  of  its  nerves  that  the  stimulation  acts. 

With  a  continuous  current  the  behaviour  is  different. 
Here  there  is  a  twitch  at  the  moment  of  closing  the  circuit 
through  the  nerve  or  the  muscle.  The  muscle  then  remains 
quiescent  and  almost  completely  relaxed,  while  the  current 
still  flows,  and  another  twitch  is  produced  when  the  circuit 
is  broken.  This  is  the  sequence  of  events  with  the  currents 
of  about  five  milliamperes  which  are  used  for  testing.  With 
currents  four  or  five  times  as  strong  the  muscle  enters  into 
permanent  contraction  with  continuous  currents.  These 
contractions  at  make  and  break  may"  seem  to  recall  the 
phenomena  of  electro-magnetic  induction,  but  the  analogy 
is  more  apparent  than  real. 

In  certain  kinds  of  paralysis  these  reactions  change, 
and  all  irritability  of  the  muscle  to  coil  currents  disappears. 
Stimulation  of  the  nerves  gives  no  response  either  to  coil  or 
cells,  but  the  contractility  of  the  muscle  remains  for  currents 
from  the  cells  applied  directly,  and   may   be  more  easily 
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excited  than  in  health,  while  the  contraction  itself  changes 
in  character  from  a  rapid  twitch,  lasting  one-tenth  of  a 
second,  to  a  slow  sluggish  movement,  lasting  three  times 
as  long. 

Stated  briefly,  the  above  are  the  observed  facts  of  what 
is  known  as  the  Reaction  of  Degeneration.  Its  value 
depends  upon  the  fact  that  it  occurs  only  when  the  cause 
of  the  paralysis  occupies  certain  definite  portions  of  the 
nervous  system.  By  its  presence  or  absence  we  can  there- 
fore determine  with  great  nicety  the  seat  of  the  disease  or 
injury.  A  point  which  is  not  yet  explained  is  why  the  coil 
discharge  should  become  ineffective  on  muscle  which 
retains  the  power  of  responding  to  the  battery  current. 
What  are  the  electrical  differences  between  the  two  modes 
of  stimulation  ? 

Next  as  to  electrical  treatment.  Progress  in  medical 
treatment  usually  moves  along  two  lines.  One  of  these  is 
based  upon  experimental  physiology,  that  is  to  say  upon 
a  study  of  the  various  processes  in  healthy  tissues,  and 
depends  on  the  application  of  the  facts  observed  to  various 
morbid  states.  The  other  line  of  advance  is  by  direct 
experiment  in  a  more  or  less  haphazard  manner  upon  the 
sick.  In  medical  electricity,  as  in  medicine  generally,  both 
these  lines  have  been  followed.  If  we  consider  the  first,  we 
can  apply  the  observed  fact  that  electricity  is  a  stimulus  to 
certain  living  tissues,  by  asking  how  stimulation  may  be 
made  use  of  in  disease.  The  fact  that  electricity  is  a 
stimulus  is  easy  to  perceive  in  the  case  of  nerve  and  muscle, 
and  in  the  case  of  the  sensory  nerves  of  the  body,  and  it  is 
not  difficult  to  prove  that  it  acts  in  this  way  upon  all  living 
tissues,  and  the  employment  of  electricity  in  disease  is  very 
largely  an  application  of  this  process  of  stimulation. 

Beard  and  Rockwell  in  the  United  States,  and  D6b6dat 
in  France  have  shown  experimentally  that  in  young 
animals  the  rate  of  growth  can  be  accelerated  by  suitable 
electrification.  The  former  electrified  daily  two  young 
puppies,  and  found  that  they  grew  faster  than  those  of  the 
same  litter  which  were  not  electrified.  D6b6dat  in  the 
same  way  proved  an  increase  of  weight  in  certain  muscles 
of  rabbits  as  compared  with  other  non-electrified  muscles 
in  the  same  animals ;  the  latter  thus  showed  a  local  effect 
from  localised  electrification,  the  former  a  general  effect 
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from  general  applications,  and  this  division  into  general  and 
local  treatment  is  an  useful  one.  Thus  for  general  diseases 
one  gives  a  general  treatment,  and  for  local  diseases  a  local 
application.  D' Arson val,  by  calorimeter  observations  and 
chemical  analysis  of  the  expired  air,  has  established  the  fact 
that  electrification  increases  the  activity  of  the  tissue  ex- 
changes of  the  body.  Capriati  recently  has  shown  by  care- 
ful dynamometric  researches  that  the  appHcation  of  electricity 
to  the  central  nervous  system  in  the  form  of  a  continuous 
current  along  the  spine  does  undoubtedly  increase  the 
muscular  power,  and  that  applications  to  the  muscles  of  a 
limb  have  the  same  effect.  In  the  United  States  it  is 
becoming  fairly  common  for  athletes  to  undergo  electrical 
treatment  when  preparing  for  a  contest.  General  electrifi- 
cation applied  to  cases  of  simple  failure  of  nutrition,  such 
as  debility  after  illness,  or  debility  of  any  kind,  produces  a 
rapid  improvement  in  the  condition  of  the  patient.  In 
rickets,  which  is  a  comparatively  simple  form  of  defective 
nutrition,  electrical  applications  have  been  shown  by  many 
observers  to  have  a  very  high  value.  The  more  complex 
forms  of  defective  nutrition  such  as  rheumatism,  gout,  and 
diabetes  are  not  yet  completely  controlled  by  electricity,  but 
indications  are  not  wanting  that  in  time  good  results  may 
be  expected.  Already  electricity  is  doing  much  for  these 
conditions. 

In  the  field  of  paralytic  conditions  there  are  certain 
strict  limitations  to  the  utility  of  electrical  treatment,  and  it 
is  here  that  electricity  has  lost  credit  quite  undeservedly. 
People  have  expected  electricity  to  work  miracles,  and 
because  it  could  not  do  so  have  condemned  it  as  useless 
altogether.  When  paralysis  is  due  to  some  mechanical 
obstruction  or  destructive  process  in  the  nerve  centres  of 
the  brain  or  the  spinal  cord,  or  when  it  is  due  to  certain 
progressive  degenerations  in  the  quality  of  those  parts,  then 
electricity  is  powerless  to  help.  So,  too,  when  paralysis  is 
due  to  a  breach  of  continuity  in  a  nerve  trunk,  electricity 
can  do  nothing  until  the  surgeon  has  intervened  and 
re-united  the  severed  ends.  In  the  latter  case  electricity 
comes  in  quite  properly  afterwards  to  promote  the  recovery 
of  functions  which  had  fallen  into  abeyance ;  in  the 
former  the  surgeon  cannot  help,  neither  can  electricity. 
Therefore  it  is  very  important  to  insist  that  in  paralysis 
VOL.  XXIX.  24 
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there  are  cases  suitable  for  electricity  and  cases  which  are 
unsuitable.  Happily  the  number  of  those  which  are 
greatly  benefited  by  electricity  is  a  considerable  one. 

Another  field  in  which  electricity  is  useful  is  in  the 
relief  of  pain.  Oftentimes  it  acts  by  influencing  the  circu- 
lation in  the  painful  part  and  relieving  congestion  and 
pressure  in  the  blood-vessels.  This  I  believe  to  be  its  mode 
of  action  in  sciatica,  lumbago  and  rheumatism,  and  in  some 
neuralgias.  At  other  times  it  seems  to  relieve  a  neuralgic 
pain  by  some  direct  influence  upon  the  nerve-trunk  in 
which  the  pain  is  felt.  Effects  upon  the  circulation  are 
probably  the  important  factor  also  in  the  relief  of  sprains, 
and  in  removing  the  chronic  stiffness  which  may  be  felt  in 
or  around  joints  as  the  result  of  injury  or  disease.  In  this 
there  is  scope  for  considerable  development.  The  good 
results  which  can  be  obtained  are  undoubted,  although  it  is 
not  generally  known  that  this  is  the  case. 

Electricity  can  also  be  used  to  promote  the  passage  of 
drugs  into  or  through  the  skin,  and  this  has  a  few  minor 
applications  in  medical  practice,  among  others  for  the  intro- 
duction of  cocaine  to  produce  a  local  insensibility  in  minor 
surgery. 

Electrolysis,  again,  is  often  useful  in  many  small  matters 
of  surgery.  It  is  used  almost  exclusively  as  a  means  of 
destroying  tissue.  Small  tumours  of  various  kinds  can  be 
very  conveniently  treated  by  electrolysis.  The  process  is 
carried  out  by  the  introduction  of  metallic  needles  into  the 
tumour,  the  products  of  electrolysis  being  thus  liberated  in 
contact  with  the  tissue  to  be  destroyed.  The  chief  con- 
venience is  the  ease  with  which  one  can  regulate  the 
strength  of  current,  and  the  amount  of  caustic  chemical 
liberated,  in  exact  proportion  to  the  work  required  to  be 
done.  So  fine  and  so  delicate  an  application  can  be  made, 
that  the  root  of  a  single  hair  can  be  destroyed  without 
leaving  any  visible  scar,  and  the  removal  of  superfluous  hair 
in  this  way  is  a  matter  for  which  electrolysis  is  continually 
applied.  Electrolysis  with  copper  or  zinc  anodes  with  the 
object  of  procuring  the  liberation  of  salts  of  these  metals  in 
the  diseased  tissues  has  been  recommended  abroad,  but 
does  not  seem  to  have  received  much  attention  in  this 
country. 

One  of  the  most  encouraging  points  at  the  present  time 
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in  medical  electricity  is  the  improved  quality  of  the  scientific 
work  which  is  being  done  in  it.  Last  year,  the  French 
Government  having  declared  the  subject  to  be  of  public 
utility,  a  section  of  Medical  Electricity  was  inaugurated  at 
the  Boulogne  Congress  of  the  French  Association  for  the 
Advancement  of  Science.  I  attended  the  meetings  of  the 
section  during  the  greater  part  of  the  Congress,  and  was 
struck  by  the  number  and  high  scientific  quality  of  the 
communications  which  were  made  in  it.  It  was  one  of  the 
best  attended  sections  of  the  whole  Association.  France, 
indeed,  takes  a  long  lead  in  the  subject  of  medical  electricity. 
They  have  at  the  present  time  three  periodicals  devoted 
entirely  to  the  subject,  and  abundance  of  material  seems 
continually  forthcoming  to  fill  the  pages.  One  of  them, 
the  Archives  dElectriciie  Medicate,  is  quite  indispensable  to 
students  of  medical  electricity,  for  in  addition  to  its  original 
matter,  it  provides  its  readers  with  abstracts  and  a  biblio- 
graphical index  which  keep  one  in  touch  with  all  that  is 
being  done  in  medical  electricity  all  over  the  world. 

The  progress  in  the  small  matters  of  detail,  particularly 
with  regard  to  apparatus,  which  has  taken  place  during  the 
last  ten  years,  is  considerable.  I  say  ten  years,  because  that 
represents  the  time  during  which  my  attention  has  been 
specially  directed  towards  medical  electricity. 

It  will  be  interesting  to  consider  and  compaie  the 
types  of  apparatus  in  common  use  to-day  with  those  used 
formerly. 

Electrodes. — The  current  is  applied  to  the  body  of  the 
patient  by  means  of  electrodes.  These  may  be  of  the  most 
varied  forms,  particularly  with  electrodes  for  internal  appli- 
cations. The  cylindrical  brass  handles  fitted  with  sponges 
and  held,  one  in  each  hand,  are  obsolete  or  deserve  to  be, 
and  for  most  external  applications  their  place  is  now  taken 
by  a  plate  of  flexible  metal  enclosed  in  wash-leather  and  a 
disc  of  metal  also  covered  with  wash-leather,  and  screwed 
into  a  wooden  handle.  The  former  is  called  the  indifferent 
electrode,  and  serves  chiefly  to  complete  the  circuit  through 
the  patient's  body ;  the  other  or  active  electrode  is  the  one 
which  is  manipulated  and  applied  over  the  affected  region. 
For  testing,  the  active  electrode  is  fitted  with  a  closing  key. 
Examples  of  electrodes  and  other  forms  of  medical  electrical 
appliances  are  shown  upon   the  table.      Bare  metal  must 
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never  be  allowed  to  touch  the  skin  unless  electrolytic,  or 
painful  effects  are  desired.  Sores  are  easily  produced  in  a 
few  minutes  by  a  few  miliiamperes  of  current  if  at  any  point 
the  metal  of  the  conductor  touches  the  skin  directly.  For 
this  reason  some  water-holding  material,  such  as  wash- 
leather,  is  always  used  to  cover  the  metallic  surfaces  of 
medical  electrodes. 

The  Battery. — The  chief  requirements  in  a  medical  cell 
are,  that  it  shall  need  no  attention,  and  will  not  spoil  on  open 
circuit.  The  past  few  years  have  seen  the  almost  complete 
disappearance  from  medical  work  of  open  acid  cells  such 
as  the  Smee  cell,  the  Bunsen  and  the  bichromate  cell. 
Formerly,  when  electrical  treatment  had  to  be  carried  out 
by  means  of  ponderous  oak  boxes  filled  with  cells  of  one 
or  other  of  these  kinds,  the  trouble  and  the  dirt  associated 
with  them  was  enough  to  discourage  all  except  enthusiasts. 
At  the  present  day  the  Leclanch6  cell  is  the  only  'type  of 
battery  which  a  medical  man  need  consider,  and  even  these 
are  rapidly  being  abandoned,  except  for  fixed  installations, 
in  favour  of  the  modern,  cheap,  and  convenient  dry  cell. 
With  these  small  dry  cells  for  currents  of  small  magnitude 
and  with  a  few  accumulator  cells  for  those  medical  purposes 
which  require  a  current  of  an  ampere  or  more,  as  for 
example  for  the  heating  of  galvano-cauteries  and  the  illumi- 
nation of  small  exploring  lamps,  the  medical  man  is  suffi- 
ciently equipped,  and  is  no  longer  compelled  to  handle  and 
prepare  caustic  solutions.  Lai'ge  bichromate  batteries  still 
survive  in  remote  districts  for  the  occasional  production  of 
large  currents,  but  they  are  every  year  becoming  less 
numerous,  as  secondary  cells  and  the  means  of  charging 
them  from  dynamos  become  more  general  over  the 
country.  All  this  simplification  tends  very  greatly  towards 
the  increased  popularity  of  medical  applications  of  electricity, 
because  perhaps  one  chief  cause  of  its  neglect  has  been, 
hitherto,  the  trouble  of  the  management  of  the  apparatus. 

The  batteries  needed  for  medical  work  divide  them- 
selves into  two  distinct  classes,  batteries  for  applying 
currents  to  patients  for  testing  and  treatment,  and  batteries 
for  galvano-cautery  and  lamp  apparatus.  The  former  is 
essentially  a  physician's  battery,  the  latter  is  more  for  the 
surgeon.  Most  of  the  surgeon's  requirements  are  met  by 
a  portable  accumulator  of  four  cells,  for  the  little  surgical 
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lamps  are  for  the  most  part  eight-volt  lamps,  taking  about 
an  ampere ;  though  usually  they  are  overrun  most  cruelly. 
For  galvano-cautery  the  currents  average  from  five  to  ten 
amperes,  but  the  cautery  circuit  has  a  low  resistance  and  a 
pressure  of  eight  volts  is  much  more  than  is  required. 
Sometimes  the  four-cell  accumulator  is  arranged  so  that  a 
switch  will  recombine  it  as  two  sets  of  two  in  parallel  for 
cautery  work,  or  else  it  is  left  as  a  four-cell  battery  in  series, 
the  volts  being  expended  in  a  resistance.  For  medical  work 
a  battery  is  fitted  with  twenty-five  to  forty  small  dry  cells 
connected  in  series  and  having  wires  led  oflf  from  them  to 
a  circle  of  studs  from  which  a  moving  pointer  takes  up  into 
circuit  as  many  cells  as  are  required.  It  is  usually  fitted 
with  a  milliampere  meter  permanently  in  circuit  and  a 
commutator  for  reversing  the  poles,  also  with  an  induction 
coil  driven  by  a  separate  dry  cell.  The  average  working 
resistance  of  the  human  body  and  skin  is  about  2,000  ohms 
when  properly  moistened  with  hot  water.  Salt  or  soda  may 
be  added  to  the  water  to  reduce  the  skin  resistance,  but  plain 
water  is  best,  as  it  corrodes  the  electrodes  less. 

Next  in  importance  to  the  battery  of  primary  cells  comes 
the  induction  coil.  Indeed,  if  generality  of  use  be  con- 
sidered, the  induction  coil  should  come  first,  as  it  is  the 
form  of  electrical  application  which  has  the  widest  employ- 
ment. The  medical  induction  coil  has  developed  in  certain 
special  directions,  the  chief  requirement  with  such  an 
apparatus  being  a  means  of  careful  regulation  of  its  strength. 
Of  the  various  ways  of  obtaining  this  regulation,  the  one 
best  suited  to  our  purpose  is  the  plan  of  using  a  sliding 
secondary  coil,  which  can  be  brought  close  to  the  primary 
or  can  be  removed  further  from  it,  as  desired.  Much  has 
been  done  of  late  years  to  improve  the  induction  coil,  and 
more  has  been  written  about  the  various  effects  to  be  got 
from  coils  of  different  sorts  and  construction.  Attention 
has  been  given  to  the  improvement  of  the  vibrating  spring 
or  contact-breaker,  and  the  best  American  coils  are  now 
fitted  with  two  vibrators,  one  of  slow  speed  and  one  of  high 
speed.  In  ^he  United  States,  where  the  construction  of 
electro-medical  apparatus  has  been  much  elaborated,  it  is 
quite  customary  to  supply  coils  with  several  interchangeable 
secondaries.  The  same  is  done  to  a  less  degree  by  makers 
elsewhere.    The  various  effects  which  have  been  ascribed 
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to  diflferent  windings  of  secondary  are  best  considered  as 
being  due  to  the  very  great  differences  in  their  self-induction, 
according  as  they  are  made  with  windings  of  great  length 
and  many  turns,  or  of  short  length  and  few  turns.  The 
slower  rise  and  fall  of  wave  which  is  found  with  the  high 
self-induction  of  the  long  coil  of  many  windings  has  the 
effect  of  making  the  shock  less  sudden  and  less  painful  in 
its  effects.  So  too  in  very  long  fine  secondaries  a  large 
part  of  the  volts  are  dropped  inside  the  coil,  and  the  E.M.F. 
at  the  terminals,  though  high  on  open  circuit,  may  fall 
almost  to  nothing  when  closed  through  a  comparatively 
low  resistance.  On  this  account  very  long  coils  with  very 
highspeed  contact-breakers  have  been  much  written  about 
as  affording  painless  currents  for  internal  applications,  but 
in  my  opinion  the  painlessness  is  due  to  the  fact  that  very 
little  current  comes  out  of  them.  For  practical  purposes,  I 
have  usually  found  it  sufficient  to  use  one  secondary  coil, 
which  is  tapped  at  one-third  of  its  length,  and  so  can  give 
long  coil  and  short  coil  effects  from  the  one  instrument. 
Medical  induction  coils  are  not  fitted  with  condensers. 
When  simple  stimulation  is  required  in  the  treatment  of  a 
case,  the  induction  coil  is  probably  the  most  convenient  and 
cheap  method  of  procuring  it.  The  battery  current  has  a 
superiority  in  certain  things,  for  example  it  gives  a  wider 
range  in  degree  and  quality  of  stimulation  ;  and  certain 
living  tissues  respond  better  to  battery  currents  slowly 
increased  and  decreased  than  they  do  to  the  sudden  jerks 
of  the  coil.  The  intense  effect  of  the  coil  on  the  sensory 
nerves  of  the  skin  makes  it  difficult  to  use  coil  currents  of 
sufficient  strength  to  penetrate  to  the  deeper  parts  of  the 
body,  and  for  deep  parts  currents  of  large  magnitude  are 
necessary  to  make  up  for  the  weakening  effect  of  diffusion. 

The  strength  of  current  used  in  treatment  ranges 
between  four  and  forty  milliamperes  for  the  most  part, 
though  smaller  and  larger  currents  are  sometimes  used. 
The  larger  the  currents,  the  larger  should  be  the  surfaces 
of  the  electrodes. 

The  measurement  of  induction-coil  currents  presents 
difficulties  which  have  not  hitherto  been  surmounted,  and 
the  rough  comparisons  which  are  made  by  means  of  a  scale 
of  millimetres  at  the  side  of  the  sliding  secondary  cannot  be 
translated  into  units  and  cannot  be  trusted  to  be  alike  for 
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two  consecutive  days.  Instruments  which  measure  the 
mean  current  are  of  no  use,  because  the  physiological  effect 
does  not  depend  upon  mean  current  but  upon  the  rate  of 
change  and  the  maxima.  The  use  of  a  sinusoidal  current 
from  a  dynamo,  to  take  the  place  of  the  induction  coil,  might 
enable  one  to  evade  the  difficulty,  but  the  dynamo  current 
of  the  mains,  in  certain  cases  at  least,  produces  such  painful 
skin  affects  as  to  be  very  unpopular  with  patients.  It  is 
difficult  to  say  why  this  is  so,  but  the  subject  wants  further 
study. 

Possibly  the  use  of  condenser  discharges,  the  condenser 
being  automatically  charged  and  discharged  rapidly,  might 
meet  the  difficulty  of  producing  a  current  which  would 
resemble  that  of  the  coil  in  its  physiological  action,  and 
w^ould  allow  of  measurement.  I  would  like  to  ask  the 
advice  of  members  of  the  Institution  on  this  point :  Would 
not  the  curve  of  discharge  of  a  condenser  have  a  close 
resemblance  to  the  discharge  curve  of  an  induction-coil  ? 
Could  not  one  arrange  a  condenser  of  small  capacity  such  as 
a  Leyden  jar  of  diminutive  size,  and  employ  some  very  fine 
adjustment  of  spark  gap  for  measurement  and  regulation  ? 
I  have  thought  that  in  this  way,  using  high  voltages  and 
small  capacities,  the  disturbing  factor  of  x^arying  skin  re- 
sistance would  become  comparatively  unimportant. 

Current  from  the  Mains. — After  its  introduction  into 
commerce  the  current  of  the  electric  lighting  mains  was 
quickly  introduced  into  medical  practice,  and  we  make 
large  use  of  it  in  the  Electrical  Department  of  St.  Bartholo- 
mew's, which  is  connected  with  the  mains  of  the  City  of 
London  Electric  Lighting  Company.  The  current  impulses 
from  the  alternating  mains  have  a  physiological  action  re- 
sembling those  of  the  induction  coil ;  that  is  to  say,  the  effect 
upon  nerve  and  muscle  is  to  produce  a  permanent  contrac- 
tion so  long  as  the  current  is  applied.  '  But  it  is  superior  to 
the  induction  coil  in  being  a  less  violent  stimulus  to  nerve 
and  muscle  by  reason  of  the  more  even  and  gradual  rise  and 
fall  of  its  waves.  Larger  currents  can  be  borne  than  from 
the  induction  coil,  and,  judging  from  its  effects  in  a  long 
series  of  cases,  it  appears  to  be  more  thorough  and  more  useful 
in  its  effects.  Nearly  all  the  cases  formerly  treated  by  the 
induction-coil  at  the  hospital  arc  now  treated  by  the  current 
from,  th^  nxains,   the  voltage   being  lowered  to  suit  the 
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requirements  of  the  case  (to  about  ten  volts  as  an  average), 
and  indirectly  we  have  gained  largely  in  that  the  department 
is  now  free  from  the  noise  of  eight  or  ten  induction-coils  all 
vibrating  and  buzzing  at  once.     Formerly  the  effect  of  that 
noise  during  a  long  afternoon  was  most  trying.    There  is 
one  marked  difference  in  the  effect  of  the  alternating  current 
which  limits  its  use,  and  that  is  that  if  applied  in  the  ordinary 
manner  through  moistened  electrodes  to  the  surface  of  the 
skin,  it  has  a  peculiar,  disagreeable,  burning  effect.    The 
more   thoroughly  the   skin   is   moistened,  the   less  this   is 
noticed,  and  when  the  current  is  conveyed  to  the  patient 
through  the  medium  of  water,  as  in  a  bath,  this  disagreeable 
cutaneous  effect  disappears  entirely.     Consequently  a  mode 
of  treatment  by  means  of  baths  and  the  sinusoidal  current 
has  been  developed  to  a  very  considerable  extent,  and  with 
decided  advantage  to  our  patients.     Large  numbers  of  our 
cases  are  cases  of  paralysis  of  the  upper  limbs  from  injury 
or  disease  of  the  nerves  of  the  upper  extremities,  and  for 
these  we  use  an  arm-bath.     The  arm-bath  is  a  stoneware 
trough,  of  suitable  shape,  having  a  metal  electrode  at  each 
end,  it  is  filled  with  warm  water,  into  which  the  patient 
plunges  the  forearm  and  hand.    The  use  of  hot  w^ter  as 
a  medium  for  conveying  electricity  to  a  patient  has  many 
advantages.     The  current  is  much  better  borne,  and  there- 
fore a  stronger  current  can  be  used.     Manipulation  of  the 
electrodes  and  personal  handling   of   the  patient  is   done 
away  with,  and  the  affected  part  is  kept  warm  during  the 
application.     For   these  reasons   we   use  it  largely,  and  I 
continue  to  advocate  its  use  as  one  which  again  is  likely  to 
increase  the  popularity  of  electricity  among  the  medical 
profession,  because  it  tends  to  simplify  its  mode  of  applica- 
tion.    In  addition  to  small  local  baths  for  parts  of  the  body, 
we  have  a  large  bath,  in  which  the  whole  of  the  body  is 
immersed ;    and    for  general   morbid   conditions,   as    dis- 
tinguished from   local   ones,   the   electric    bath    with    the 
induction-coil  current,  or,  better  still,  with  the  sinusoidal 
current  of  the  mains,  is  an  extremely  useful  contrivance. 
In  that  section  of  medical  electricity  which  comprehends 
general  applications  for  general  systemic  diseavSes — z,  field  of 
work  which   is  only  now  being  thoroughly  explored— the 
electric   bath  is  perhaps  superior  to   any  other   mode   of 
applying  general  electrification.    The  other  modes  of  doing 
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this  are  by  the  statical  machine,  or  by  the  high-frequency  and 
high-potential  methods  of  Tesla  and  of  D'Arsonval.  The  chief 
advantage  of  both  these  latter  methods  is  that  the  patient 
need  not  disrobe  ;  but  on  the  other  hand,  the  electric  bath 
has  the  great  advantage  that  the  currents  which  are  being 
used  can  be  more  readily  measured  and  adjusted  to  suit 
individual  needs.  Chance  very  largely  decides  the  choice  of 
one  or  other  of  these  methods  of  general  electrification. 
Whereas  the  sinusoidal  current  and  the  bath  suits  one 
medical  man  best,  the  other  forms  may  be  more  convenient 
to  the  conditions  of  practice  of  another  one.  The  electric 
bath,  unfortunately,  has  been  rather  under  a  cloud  during 
recent  years,  in  this  country  at  least;  by  reason  of  its 
association  with  those  peculiar  "massage"  establishments 
which  sprang  up  so  thickly  in  London  a  few  years  ago. 
Now,  however,  most  of  these  establishments  have  dis- 
appeared, and  one  may  venture  to  speak  of  the  definite 
advantages  of  the  electric  bath  without  feeling  that  one's 
words  may  reappear  in  the  columns  of  some  journal  in 
association  with  advertisements  of  undesirable  houses.  At 
St.  Bartholomew's  Hospital,  excluding  arm-baths,  about  one 
thousand  baths,  mostly  with  the  sinusoidal  current,  are 
given  each  year,  particularly  for  diseases  like  debility, 
rheumatism,  sciatica,  neuritis,  lead-poisoning,  and  various 
forms  of  paralysis.  No  electrical  department  can  be  con- 
sidered properly  equipped  without  the  electric  bath,  for  in 
many  morbid  states  its  action  is  most  valuable.  The  bath 
with  direct  current  has  also  certain  useful  applications, 
although  not  so  many  as  the  induction-coil  or  the  sinu- 
soidal current  bath.  The  direct  current  bath,  local  or 
general,  is  useful  in  the  relief  of  gout,  rheumatism,  sprains, 
chronic  inflammations,  and  generally  as  an  absorbent  for 
the  removal  of  fibrous  adhesions  or  thickenings  in  or  about 
the  joints  and  limbs.  It  is  also  indicated  in  painful  states, 
when  a  varying  current  is  too  stimulating  to  be  well  borne, 
as  for  example,  in  acute  sciatica,  neuritis  with  pain,  and 
so  on. 

The  alternating  current  of  the  mains  also  lends  itself 
extremely  nicely  to  such  uses  as  for  galvano-cauteries  and 
for  the  small  exploring  lamps  used  by  surgeons,  and  where 
alternating  current  is  laid  on  they  now  for  the  most  part 
have  small  transformers  for  use  in  this  way.     Instruments 
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containing  lamps  and  telescopes  are  now  used  for  examining 
the  interior  of  such  cavities  as  the  bladder  and  the  stomach, 
which  previously  have  been  inaccessible  to  the  sight ;  as 
well  as  for  the  illumination  of  more  accessible  parts,  such  as 
the  throat,  the  ear,  the  nostrils,  etc. 

The  arrangements  at  St.  Bartholomew's  for  the  distribu- 
tion of  our  current  from  the  mains  consist  of  a  transformer, 
tapped  at  intervals  in  its  secondary  winding  and  led  to  a 
row  of  binding-screws,  from  which  any  voltage,  between 
half  a  volt  and  fifty  volts,  can  be  taken  at  will.  The  three 
rooms  in  which  treatment  is  given  are  wired  in  three 
circuits  as  for  electric  lighting,  and  the  voltage  required 
can  be  switched  oh  to  any  of  the  three  rooms  from  the 
transformer.  Thus  we  have  at  command  low  voltage 
currents  for  galvano-cauteries  and  small  lamps,  and  higher 
voltage  currents  for  applications  to  patients.  We  use 
three  or  four  volts  for  cauteries,  eight  or  ten  for  lamps, 
ten  to  twenty  for  the  baths.  Several  of  our  old  sledge- 
pattern  induction  coils  with  sliding  secondaries  are  now 
converted  for  use  as  subsidiary  regulating  devices  for 
the  baths.  I  cannot  say  much  of  the  use  of  direct-current 
mains  in  medical  practice  from  personal  experience. 
Although  I  have  been  instrumental  in  connecting  three 
places  to  the  lighting  mains,  I  have  never  been  in  touch 
with  direct-current  circuits.  The  use  of  the  direct  current 
from  the  mains  for  applications  to  patients,  and  for  other 
applications  requiring  low  voltages,  is  carried  out  either 
indirectly  by  means  of  charging  accumulators  from  the 
mains  and  using  them,  when  disconnected,  for  the  patients, 
or  else  by  means  of  shunt  resistances.  The  latter  method  is 
to  provide  a  resistance  of  several  thousand  ohms,  which  is 
connected  across  the  mains.  The  resistance  is  a  bare  wire 
coiled  on  a  support,  and  is  fitted  with  a  travelling  contact- 
shoe  which  can  be  moved  so  as  to  tap  the  windings  at  any 
point.  The  patient  is  arranged  in  a  shunt  circuit  in  parallel 
with  any  convenient  length  of  the  resistance.  When  only 
small  currents  are  required,  a  lamp  is  arranged  permanently 
in  series  with  the  wire  resistance.  The  slope  of  potential 
which  can  be  tapped  at  different  points  by  the  movements 
of  the  slider  permit  fine  regulation  of  current  in  the  shunt  or 
patient's  circuit.  With  shunt  resistances  of  suitable  magni- 
tude current  can  be  obtained  for  treatment,  foi:  working 
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induction  coils,  or  for  galvano-cauteries.  In  the  latter  case 
the  waste  is  considerable,  and  it  is  my  belief  that  an 
accumulator  charged  through  a  lamp  would  be  much 
better,  but  in  many  cases  the  shunt  circuit  is  preferred,  in 
spite  of  its  waste  at  the  rate  of  more  than  a  horse-power, 
whenever  lo  amperes  are  wanted.  Possibly  something  like 
a  step-down  induction  coil  might  be  devised  for  heating 
cauteries  off  the  direct-current  mains.  One  of  the  draw- 
backs of  electric  light  supply  is  that  those  who  have 
continuous  current  laid  on  cannot  also  have  alternating. 
And  so  a  medical  man  residing  in  a  district  supplied  by 
direct  current  will  have  to  generate  any  sinusoidal  current 
needed  by  means  of  a  motor  dynamo.  These  instruments 
can  be  bought  and  are  in  use.  On  the  other  hand,  a  medical 
man  supplied  with  alternating  current  will  often  sigh  and 
wish  that  he  could  easily  generate  for  himself  a  little 
continuous  current.  And  here  is  a  point  which  perhaps 
might  be  worth  the  attention .  of  this  Society,  viz.,  the 
contri\'ance  of  some  simple  rotary  converter  which  could 
be  attached  to  a  lamp  socket  in  a  house  supplied  with 
alternating  current,  and  which  would  give  out  continuous 
current,  sufficient  to  recharge  a  portable  accumulator  from 
time  to  time.  Not  much  would  be  wanted,  and  perhaps  it 
is  just  on  that  account  that  the  instrument  I  have  indicated 
is  not  easy  to  get ;  presumably  it  would  not  pay  to  make  it. 
Still,  a  little  rotary  transformer,  which  would  give  out,  say, 
an  ampere  at  ten  volts  of  continuous  current,  would  be 
welcomed  by  many  medical  men  who  live  in  districts  of 
alternating  supply.  The  mechanical  efficiency  of  the 
machine  is  in  no  way  important,  considering  the  small- 
ness  of  the  needs.  That  which  would  be  important  with 
such  an  instrument  is  that  it  could  be  left  to  run  for  periods 
of  an  hour  or  two  at  a  time  without  needing  its  owner  to 
stand  over  it  and  watch  it,  and  that  it  would  not  become 
over-heated  nor  make  a  great  noise. 

The  Statical  Machine. — This  form  of  apparatus — the  first 
introduced  into  medical  practice — is  showing  very  decided 
signs  of  a  revival.  In  the  United  States  the  statical  machine 
is  already  very  largely  employed,  and  I  am  told  that  in  New 
York  alone  there  are  no  less  than  three  firms  busily  engaged 
in  turning  out  statical  machines  at  the  rate  of  two  or  three 
a  week.    Those  who  are  only  acquainted  with  the  effects 
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produced  by  small  statical  machines  can  have  no  idea  of 
the  difference  between  small  and  large  instruments  of  this 
kind.    The  effects  produced  by  a  large  statical  machine  are 
most  decided,  and  it  is  only  necessary  for  one  to  experience 
them  once  to  see  that  treatment  by  them  is  by  no  means 
a  mere  treatment  through   the   imagination.      The    most 
apparent  effects  of  the  statical  machine  are  the  profound 
and  peculiar  cutaneous  sensory  stimulation  which  can  be 
produced   by   it,   and   the   forcible   muscular    contractions 
which  can  also  be  produced  by  it  when  the  administration 
is  in   the  form  of   sparks.     Its  special  field  of  usefulness 
probably  lies,   first,   in   its   action   as  a  general   excitant ; 
secondly,  in  conditions  of  neuralgia  and  other  superficial 
pains ;  thirdly,  in  the  conditions  of  muscular  pain.     In  all 
these  cases  it  acts  quickly  and  thoroughly.      It  is  quite 
common  to  receive  a  patient  stiff  and  lame  from  lumbago 
or  muscular  rheumatism,  and  to  see  him  leave  in  ten  or 
fifteen  minutes  quite  free,  for  a  time  at  least,  from  his  lame- 
ness or  his  stiffness.      All  this   promises   to   be  extremely 
valuable.      The  difficulty  of  understanding  how  a  simple 
electrification    by  the    static    machine    can    influence    the 
body  makes  many  of  us  disinclined  to  believe  that  there 
can   be  any    effect ;    but    after    watching  cases    carefully 
for  some  time,   I    can  now   say  with  certainty  that  some 
direct  action  does  take  place.     I  have  only  had  a  proper 
static  machine  for  a  year  and  a    half,  and   therefore  still 
feel  rather  a  beginner  with   it.     A  very  interesting  matter 
is  that,    whereas   on    the   other  side    of  the  Atlantic  the 
influence-machine  which  is  used  is  invariably  a  modified 
Holtz's,  on  this  side  it  is  the  Wimshurst  which  is  considered 
the  best.    The  American  Holtz  machine  certainly  has  been 
developed  into  a  most  beautiful  instrument ;  and,  although 
it  has  one  drawback  when  compared  with  the  Wimshurst — 
that  of  not  being  self-exciting — that  is  a  point  so  easily  got 
over  by  means  of  a  small  accessory  exciting  machine  in  the 
corner  of  the  case  as  to  have  no  real  importance.     Size  for 
size,  I  am  disposed  to  believe  that  the  Holtz  gives  a  better 
output  than   the   Wimshurst.      It   appears   to   be  a  more 
cheaply  constructed  machine,  and  needs  no  counter  shaft 
nor  cross-belts.     Recently  a  large  American  Holtz  machine 
has  been  presented  to  St.  Bartholomew's  Hospital ;  so  we 
shall  have  an  opportunity  of  testing  and  of  comparing  its 
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work  with  that  of  a  large  Wimshurst  machine  which  I  have 
recently  had  constructed  for  my  own  use.  As  a  good  Holtz 
machine  is,  so  far  as  I  know,  a  curiosity  in  this  country,  I 
shall  have  much  pleasure  in  showing  our  machine  to  any 
members  of  the  Institution  who  might  wish  to  see  it.  The 
accessory  apparatus  and  the  technique  of  the  statical  machine 
have  been  very  greatly  simplified  by  the  work  of  American 
physicians. 

The  application  of  high  frequency  currents  to  medical 
practice  has  not  had  much  extension.  In  France  it  is 
used  a  little.  The  currents  are  taken  from  leads  con- 
nected to  the  ends  of  the  primary  helix,  and  no  secondary 
coil  is  used.  An  induction  coil  is  generally  used  to  charge 
the  Leyden-jar  condensers  of  the  sjrstem.  The  applications 
are  either  by  a  sort  of  spark  or  brush  discharge  from  one 
terminal  to  the  patient ;  or  the  patient  lying  on  a  couch  is 
attached  to  one  pole,  the  other  being  connected  to  a  sheet 
of  metal  under  the  couch.  This  is  called  the  condenser 
bed.  Finally  the  patient  may  be  enclosed  in  the  actual 
helix  connecting  the  jars,  and  his  body  thus  made  the  seat 
of  induced  currents  by  "  auto-conduction."  Its  chief  appli- 
cations have  been  as  a  mode  of  general  electrification,  but  the 
brush  discharge  is  also  applied  locally  to  the  skin,  and  has 
seemed  efficacious  in  curing  certain  skin  diseases. 

Ozone. — ^The  use  of  electricity  for  generating  ozone  for 
medical  purposes  is  attracting  some  interest.  It  is  not  so 
much  that  these  applications  of  ozone  are  entirely  new,  as 
that  the  apparatus  is  now  becoming  sufficiently  improved 
to  make  its  applications  easier.  But  the  rapid  develop- 
ment of  electricity  in  so  many  directions  of  late  years  has 
given  medical  men  just  at  present  so  many  fresh  things  to 
handle,  that  ozone  in  its  medical  applications  is,  as  it  were, 
waiting  until  some  one  has  time  to  attend  to  it.  The 
workers  in  medical  electricity,  in  this  country  at  least,  are 
so  few. 

Perhaps  the  most  striking  of  all  the  applications  of 
electricity  to  medical  work  in  recent  times  has  been  due 
to  the  discoveries  of  Professor  Rontgen.  The  introduction 
of  the  X  rays  has  revived  very  greatly  the  interest  in  medical 
electricity. 

The  Rontgen-ray  work  makes  a  very  considerable  ad- 
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dition  to    the  work  done  in  our  electrical  department  at 
St.  Bartholomew's  Hospital,  as  it  is  in  almost  daily  use  for 
purposes  of  diagnosis  in  surgical  cases.     Physicians  hitherto 
have  paid  but  little  attention  to  Rontgen  rays,  but  its  appli- 
cation to  the  diagnosis  of  diseases  of  the  chest  must  be 
mentioned  as  perhaps  one  of  the  most  promising  things  for 
the  future.     Certainly  it  is  possible  to  diagnose  pulmonary 
consumption  and  some  other  diseases  of  the  chest  more 
satisfactorily,  and  at  an  earlier  state  of  the  disease,  by  the 
X  rays  than  is  possible  with  the  stethoscope ;  and  this  one 
point  alone  appears  to  me  to  be  of  the  highest  importance. 
For    example,   recently  I  saw  the  X-ray  photograph  of  a 
patient's  chest.      She  was  suspected  of   having  pulmonary 
disease,   and    was  sent  to   one   of  my  colleagues  for  an 
X-ray  photograph  ;  examination  by  the  ordinary  methods 
of  auscultation   and   percussion   had  given    an   uncertain 
reply.      But  the  negative  taken  with  X  rays  showed  with- 
out  any  possible  doubt  the  presence   of  tubercles  in  the 
lung.     If  there  were  more  time  to-  spare  I  could  go  into 
the  question  of  X-ray  work  more  deeply  on  the  grounds 
of   its    great   development    by   medical    practitioners,    the 
localisation  and  stereoscopic    methods    of   Dr.   Mackenzie 
Davidson    and  others  being   singularly  beautiful  in    their 
results ;  but  I  have  the  idea  that  most  of  us  are  a  little 
sated  with  X-ray  work  just  now,  so  I  shall  say  no  more 
except  to  refer  to   the   extreme  beauty  of  the  fluorescent 
screen  effects  which  are  given  by  large  static  machines. 

The  The  President  :  The  exceedingly  interesting  paper  of  Dr.  Lewis 

President.  J  ones  is  now  open  for  discussion,  and  I  hope  the  discussion  will  not 
be  so  greatly  prolonged  that  we  shall  not  be  able  to  have  the 
opportunity  which  he  has  promised  us  of  examining  the  apparatus  he 
has  brought.  We  do  not  often,  in  this  room  at  any  rate,  see  electrical 
apparatus  of  this  class,  and  the  chance  that  we  have  is  the  more  valuable 
because  we  have  Dr.  Lewis  Jones  here  to  exhibit  it.  There  are  many 
points  upon  which  I  should  like  to  ask  questions  of  Dr.  Lewis  Jones.  I 
will  merely  mention  two.  He  used  the  word  "electrification"  in  a 
manner  somewhat  different  from  that  in  which  we  electricians  are  in 
the  habit  of  using  it.  We  do  not  understand  that,  when  a  current  goes 
through  an  object,  that  object  is  necessarily  electrified.  It  is  conducting 
electricity,  but  is  not  necessarily  charged.  By  "  electrification "  we 
understand  the  object  to  be  actually  charged.  Is  there  any  use,  then, 
in  merely  charging  a  person — putting  him  on  a  stool  and  electrifying 
him — without  his  having  any  current  flowing  into  or  out  of  him,  or 
making  discharges  at  him  from  outside  ?    Is  it  the  slightest  use  to 
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electrify  a  man  without  giving  him  a  chance  of  any  discharge,  to   The 
electrify  him  and  the  things  around  him  to  exactly  the  same  potential  ? 
If  you  put  a  man  inside  a  Faraday  cube  and  electrify  the  cube,  is  the 
person  inside    in    the    slightest    degree    affected,   physiologically  or 
pathologically  ? 

Mr.  J.  WiMSHURST :  We  all  must  be  much  indebted  to  Dr.  Lewis   Mr. 
Jones  for  giving  us  his  large  experiences  in  the  therapeutic  use  of 
electricity.       As    he    refers    to    the  influence   machine  as  a  source 
supplying  part  of  the  electricity  which  he  uses,  I  will  limit  my  remarks 
to  that  form  of  instrument  and  its  progress. 

About  twenty-two  years  ago  my  attention  was  called  to  a  Holtz 
machine  obtained  from  Mr.  Spottiswoode ;  it  had  8  rotating  plates 
and  8  fixed  plates ;  it  needed  a  drying  compound  inside  its  case,  and 
an  initial  charge,  even  then  its  paper  inductors  would  not  retain  a  like 
charge,  these  and  other  difficulties  gave  much  trouble,  nevertheless 
it  was  a  healthy  offspring  from  the  Nicholson  Revolving  Doubler,  and 
deserved  further  attention. 

To  remove  some  of  these  objections  I  made  up  a  machine  having 
12  rotating  plates  of  31  inches  diameter,  the  dangerously  cut  fixed 
plates  I  substituted  by  rectangular  slips  of  glass,  and  I  connected 
together  all  the  paper  inductors  on  the'  one  side  of  the  machine  by 
means  of  wire ;  tliis  removed  many  of  the  objections,  and  it  became 
more  useful.  About  three  years  later  Messrs.  Paterson  and  Cooper 
made  up  some  smaller  machines.  These  machines  were  noticed  in 
"Engineering"  of  the  6th  of  October,  1882. 

In  1893  I  made  another  machine  of  this  type ;  it  had  two  rotating 
plates  of  42  inches  diameter.  I  placed  the  fixed  slips  vertically,  fixed 
metal  sectors  to  the  rotating  glasses,  then*  I  added  the  brush  contacts, 
the  collecting  combs,  and  the  neutralising  rods — the  whole  of  the  glass 
was  efficiently  coated  with  shellac  varnish.  This  machine  was  self- 
exciting,  its  flow  of  current  did  not  change,  it  needed  no  drying 
compound.    It  was  noticed  in  "  Engineering  "  of  5th  of  May,  1893. 

I  venture  to  recall  the  particulars  of  these  machines  because  Dr.  Lewis 
Jones  has  kindly  invited  the  members  of  this  Society  to  visit  and 
inspect  the  large  and  expensively  finished  machine  which  his  American 
friends  have  so  liberally  presented  to  St.  Bartholomew's  Hospital,  and  it 
seems  to  me  that  refreshing  one's  memory  of  the  past  is  useful  when 
judging  of  the  present  and  the  future. 

It  would  be  ungrateful,  however,  now  to  make  any  alterations  in  the 
beautifuUy  finished  present,  but  as  time  runs  on  I  fear  the  drying 
compound  and  the  exciter  will  be  found  troublesome.  If  so,  I  would 
suggest  to  Dr.  Jones  that  he  should  have  all  the  glass  surfaces  efficiently 
coated  with  shellac,  that  he  should  add  about  12  sectors  to  each  rotating 
plate,  and  suitable  small  brushes  to  the  collecting  combs,  and  that  he 
could  advantageously  add  additional  slips  of  glass ;  he  then  will  have 
all  the  good  features  introduced  by  mc  in  the  1893  machine,  and  will 
find  it  to  be  self -exciting,  to  need  no  drying  compound,  and  to  work 
freely  and  well  in  any  atmosphere. 

Dr.  Lewis  Jones  also  mentions  another  machine  which  he  has,  in 
which  all  the  glasses  rotate  oppositely,  but  he  objects  to  the  driving 
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wheels,  and  the  bands ;  but  iii  a  properly  designed  machine  these  should 
scarcely  show,  and  as  to  durability,  those  in  the  first  machine  which  I 
constructed  twelve  or  more  years  ago  are  in  about  as  good  condition  as 
when  new  ;  the  durability  is  no  doubt  owing  to  my  keeping  them  well 
oiled.  You  will  perhaps  remember  the  machine,  for  it  was  used  at  a 
meeting  of  this  Institution  by  Dr.  Lodge  in  his  Lightning  Rod 
Experiments,  and  by  the  late  Professor  Hughes  in  his  paper  upon  Oil  as 
an  Insulator. 

I  may  further  add  that  this  form  of  machine  has  had  no  drying 
compound,  and  for  twelve  years  has  had  no  repair ;  it  has  been  much 
used,  yet  on  all  occasions  it  has  freely  excited,  and  has  behaved  in  all 
respects  perfectly. 

General  Wj^ber  :  So  little  time  is  left  for  the  remarks  which  the 
hearing  of  this  paper  has  prompted,  that  I  shall  confine  myself  as  much 
as  possible  to  one  or  two  questions,  which  I  wish  to  frame  as  intelli- 
gibly as  I  can  to  the  ears  of  my  audience.  I  should  like  to  say  that  this 
meeting  I  regard  as  quite  a  memorable  one  in  the  annals  of  our  Institu- 
tion. Although  we  have  once — many  yeai's  ago — ^had  a  paper  read  to 
us  of  a  somewhat  similar  character,  I  do  not  think  that  within  the 
walls  of  the  Institution  of  Civil  Engineers  has  a  paper  ever  been 
read  in  which  it  may  be  said  that  the  engineer  and  the  physiologist 
have  met. 

Dr.  Lewis  Jones  has  happily  helped  my  analogy  by  comparing  the 
work,  as  a  "  repairer,"  of  the  medical  practitioner  and  the  engineer,  and 
also  by  referring  to  common  ground  as  covered  by  the  similar  use  of 
apparatus  and  a  similarity  in  methods. 

In  respect  to  the  relief  of  pain  by  electricity  in  one  way,  and  to  the 
causation  of  pain  when  it  is  pmployed  to  destroy  tissue  in  another  way, 
its  use  is  analogous  to  that  of  the  application  of  heat  (say)  above  c/o''  F, 
which  at  one  temperature  soothes,  at  another  stimulates,  at  anotlicr 
injures. 

This  aspect  of  the  question,  together  with  that  connected  witli  the 
use  of  currents  either  continuous  or  alternating,  requires  consideration 
which  is  not  permissible  in  the  time  at  my  disposal. 

One  question  that  has  been  raised  in  my  mind  by  the  speaker  refers 
to  the  use  of  the  word  "stimulus."  Does  the  physiologist  or  the 
medical  practitioner  and  user  of  electricity  mean  that  electricity  is 
only  a  stimulus  to  the  organic  structure,  or  is  it  an  auxiliary  to  some- 
thing which  already  exists  within  it  ?  In  his  niost  interesting  descrip- 
tion of  the  electric  communication  or  electric  testing  by  means  of  the 
nerves,  every  telegraph  engineer  in  this  room  must  have  been  reminded 
of  his  daily  work  in  "  localising  faults."  It  is  done  in  a  telegraph  system 
of  conductors,  instruments,  etc.,  by  means  almost  identical  with  those 
which  the  author  described  as  used  by  him  for  the  localisation  of 
injuries  to  the  organic  structure.  The  necessity  arises  out  of  an  injury 
or  degeneration  through  disease,  which  leaves  behind  entire  or  partial 
paralysis,  caused  by  entire  or  partial  severance  or  disintegration  of  the 
nerve.  The  test  by  means  of  a  current  is  made.  In  a  telegraph  circuit 
a  fault  may  be  due  to  either  complete,  partial,  or  intermitting  discon- 
nection.   The  testing  galvanometer  shows  a  full  or  partial  "response" 
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or  no  response  at  all.     In  the  case  of  the  telegraph  circuit  continuity  is   General 
completed  by  "  earth/'    We  have  not  been  told  how  it  is  obtained  in   ^^'***'^'^' 
the  organic  structure,  unless  it  is  through  water  in  which  the  structure 
is  immersed,  or  on  the  surface  of  the  skin  when  moistened,  which 
otherwise  when  dry  has  high  insulating  properties. 

So  in  a  similar  way,  I  think,  our  electrical  distribution  engineer  may 
ask  the  author  whether  his  work  does  not  find  an  analogy  within  the 
human  frame— that  is  to  say,  generation,  distribution,  and  utilisation  of 
energy.'  Remember  I  am  speaking  entirely  as  a  layman  and  as  an 
engineer,  and  therefore  I  am  only  anxious  that  the  author  will  give  us 
some  idea  if,  in  using  the  word  "  stimulus,"  he  means  that  he  is  or  is 
not  adding  something  which  is  auxiliary  to  a  system  of  generation,  dis- 
tribution, and  utilisation  of  energy  which,  I  think,  we  may  assume  is 
going  on  always  within  our  bodies.  And  that  particularly  in  connection 
with  the  involuntary  work  or  expenditure  of  energy  that  is  going  on  in 
the  circulation  of  the  blood,  an  illustration  of  which  is  to  be  found  in  the 
estimate  of  Helmholtz  that  the  heart  can  raise  its  own  weight  of  9  oz. 
through  20,250  feet  in  one  hour,  and  also  in  the  well-known  fact  that 
the  weight  of  the  blood  is  about  one-twelfth  the  whole  weight  of  the 
body.  There  must  be  some  generation  of  energy;  there  must  be 
some  conduction  of  that  energy  to  the  heart  to  enable  it  to  exert  that 
force.  A  study  of  that  mechanical  involuntary  work  that  is  always 
going  on  has  seemed  to  me  to  point  to  one  great  fallacy  in  the  medical 
or  physiological  books  which  I  have  read,  and  that  is  that  the  heart  is  a 
pump. 

The  tests  made  by  physiologists  by  inserting  tubes  in  an  artery 
and  measuring  the  pressure  are  no  proof  that  all  the  pressure  emanates 
from  the  walls  of  the  heart.  As  an  engineer,  one  protests  against  the 
assumption.  As  an  humble  student  of  nature,  one  finds  everything  to 
contradict  it.  Nature  does  nothing  unmechanically.  The  concentration 
in  one  place  of  the  work  against  the  load  is  unmechanical  if  the  work 
can  be  distributed.  We  engineers  are  learning,  by  placing  motors  all 
over  a  factory,  to  distribute  work  in  the  expenditure  of  the  energy 
which  has  been  generated  at  a  central  place.  I  believe  that  a  really 
careful  and  scientific  study  of  this  question  by  physiologists  with  an 
engineering  turn  of  mind,  would  show  that,  of  the  work  done  in  main- 
taining the  circulation  of  the  blood,  the  greatest  expenditure  of  energy 
is  at  the  periphery,  /.^.,  in  the  skin,  where  the  larger  quantity  of  blood 
has  to  find  its  way  through  a  tissue  or  membrane  situated  at  a  vast 
number  of  points  in  the  skin,  where  the  red  and  blue  capillaries  meet 
and  where  there  must  be  expenditure  of  energy  which,  when  taken 
together  (and  measured  in  *'ergs"),  must  be  greater  than  that  exerted 
at  the  heart. 

Even  already  the  medical  treatment  of  defects  in  the  circulation  by 
what  is  called  the  Nauheim  t)aths  is  winning  its  way,  and  is  understood 
and  admitted  by  experts  in  it,  to  be  entirely  mechanical  in  its  effects. 

'  On  page  3  of  a  pamphlet  by  Major  Crompton,  entitled  "  The  Fitting  of  the 
Bicycle  to  the  Rider,"  will  be  found  an  allusion  to  the  "  food  energy  "  its 
"  distribution/'  and  its  work  in  "  repair  "  of  waste.  I  hope  he  will  on  his 
return  from  South  Africa,  continue  the  pursuit  of  this  question.  ' 
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I  would  put  that  into  words  thus  :  The  balance  in  the  share  of  work  to 
be  done  has  been  upset.  One  part  of  the  structure — i.c.y  the  heart — is 
being  overworked.  The  treatment  stimulates  the  skin  to  take  up  its 
proper  share  (probably  at  each  capillary). 

I  have  seen  in  a  medical  treatise  describing  the  circulation  of  the 
blood  a  description  of  what  goes  on  mechanically,  which  showed  the 
necessity  for  a  mechanical  study  of  these  questions.  The  uTiter  bases 
his  illustration  on  the  fact  that  the  united  cross-sections  of  all  the 
capillaries  is  "  several  hundred  times  that  of  the  aorta."  The  movement 
of  the  blood  through  closed  tubes  and  vessels  is  illustrated  by  the 
movement  of  water  in  an  open  channel  with  various  widths,  depths, 
and  sections,,  and  without  reference  to  the  influence  of  fall,  friction,  or 
atmospheric  pressure,  and  utterly  unscientific  conclusions  are  drawn  for 
the  instruction  of  medical  students.  This  book  is  a  text-book  published 
in  the  United  States,  and  later  in  this  country.  Otherwise,  in  its  own 
science,  it  is  apparently  eminently  correct. 

This  may  be  going  a  little  outside  our  subject  for  the  moment,  and 
I  shall  not  pursue  it  further,  but  I  hope  my  remarks  may  lead  others  to 
make  it  their  study.  The  only  place  in  which  I  have  traced  any 
allusion  to  work  done  in  the  organic  structure  by  means  of  electrical 
energy — there  may  be  many  others,  and  my  research  may  have  been 
very  deficient — is  a  reference  to  electrolytic  action  said  to  be  going  on 
in  the  capillaries  on  each  side  of  a  membrane  through  which  the  blood 
corpuscles  have  to  pass,  which  membrane,  I  think.  Sir  Michael  Foster 
tells  us  no  microscopic  power  has  yet  been  able  to  analyse,  the  positive 
action  being  on  the  red  capillary  side  and  the  negative  on  that  of  the 
blue  capillary.  Whether  the  effect  of  the  action  is  endosmic,  or 
stimulating,  or  propelling,  or  is  described  as  negative  dialysis  is,  I 
believe,  as  yet  obscure  to  the  physiologist.  The  engineer  can,  from 
the  mechanical  point  of  view,  have  little  doubt  that  the  propulsion  of 
the  fluid  is  universally  assisted.  If  work  is  going  on  (amongst  others) 
at  every  point  where  capillaries  exist,  there  must  be  a  universal  system 
of  distribution  of  energy  to  carry  on  the  involuntary  work  of  the  cir- 
culation, as  well  as  to  do  any  other  work  that  has  to  be  performed 
in  the  capillaries  and  elsewhere.  I  will  only  further  remark  that  any- 
thing which  brings  the  engineer  and  the  physiologist,  or  those  who 
use  electrical  energy  for  the  purpose  of  medical  treatment  nearer 
to  one  another,  anything  which  brings  their  minds  in  contact,  must 
be  of  use  to  our  fellow-creatures.  That  the  reader  of  this  most 
interesting  and  valuable  paper  has  to-night  brought  us  much  nearer 
to  understanding  the  use  of  electricity  for  medical  purposes  than  we 
have  ever  before  had  the  opportunity  of  being  brought,  is  a  statement 
with  which  you  will  all  agree.* 

Mr.  F.  }.  Mudford  :  I  should  like  to  suggest  to  Dr.  Jones  that  a 
possible  means  of  measuring  the  current  represented  by  the  top  of  the 


« I  would  add  a  remark  (since  the  meeting),  namely,  that  if  the  nerves  are 
poor  conductors  of  electricity,  and  if,  at  the  same  time,  they  conduct  energy, 
may  it  not  be  that  they  are  in  some  way  also  electrical  accumulators  which 
are  perpetually  in  a  condition  of  charge  and  discharge  ? 
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wave  to  which   he  alluded  would  be  to  set  over  the  pointer  of  an    ^'r. 
ordinar}'  niilliampere  meter  to  a  point  on  the  scale  where  it  would  be 
just  kicked  off.     It  would  be  a  little  troublesome  in  use,  but  I  have 
used  that  method  myself. 

Sir  Hen'RY  Maxck  :  There  is  one  point  which  has  not  been  referred  sir  Henry 
to  by  Dr.  Jones,  and  that  is  the  polarisition  that  takes  place  in  the  •^i*'*"'-'- 
hunian  body  under  the  passage  of  a  current.  I  remember  many  years 
ago  making  some  experiments  to  ascertain  the  resistance  of  the  body 
from  one  wrist  to  the  other.  I  found  that  the  results  I  obtained  were 
much  higher  than  what  they  ought  to  be,  but  when  corrected  by  the 
formula  for  eliminating  the  effect  of  polarisation  they  came  out  somewhat 
as  foUow^s ;  I  tested  two  natives,  one  of  whom  had  a  resistance  of 
1,300  ohms,  and  the  other  1,200  ohms.  The  resistance  between  the 
wrists  of  an  adult  European  tested  at  the  same  time  under  similar 
conditions  was  somewhat  less,  being  900  ohms  only.  There  was 
polarisation  in  each  case. 

Professor  J.  Perry  :  I  speak  as  a  Philistine  on  this  subject,  but  I  Professor 
should  like  to  say  that  I  am  very  glad  to  think  that  medical  men  are  ^^"^' 
beginning  to  speak  about  the  great  evil  of  the  earthing  of  the  return 
in  the  wiring  of  shops  and  houses.  With  regard  to  the  charging  of 
accumulators,  I,  in  common  w^ith  many  people,  have  wanted  a  small 
voltage  supply  for  charging  an  accumulator.  Why  not  do  this  ? 
Suppose  your  house  is  wired  for  200  volts,  you  could  easily  get  a  lamp 
of  lower  voltage  which  you  could  put  on  in  series  with  your  accumulator. 
Have  that  lamp  going  when  you  want  to  charge  your  accumulator,  and 
at  other  times  put  on  the  ordin^try  lamp.  May  I  tell  General  Webber 
that  we  believe  there  is  something  the  reverse  of  electrolysis  going  on 
in  the  animal  machine  ?  The  animal  machine,  which  consumes  fuel  and 
gives  out  mechanical  energy  is,  as  most  of  us  believe,  an  electrical 
machine.  It  cannot  be  a  heat  machine  unless  the  second  law  of 
tbermo-dynamics  is  inapplicable.  Its  efficiency  is  pretty  high — quite 
forty  times  higher  than  it  would  be  if  it  were  a  heat  machine  working 
within  such  low  limits  of  temperature.  It  may  be  that  the  second  law 
of  thermo-dynamics  is  evaded,  for  we  know  that  exceedingly  small 
beings  are  able  to  evade  it ;  and  possibly  they  need  not  be  so  small  as 
to  be  of  molecular  size  to  do  so.  The  chances  are  that  it  is  an  electrical 
machine,  and,  in  fact,  I  think  we  know  pretty  well  how  tlie  fuel  is 
converted  into  electric  and  other  forms  of  energy :  it  is  a  gas  battery. 
I  wish  I  had  time  to  dwell  upon  this  and  give  my  ideas  as  to  the  real 
mechanism  by  which  the  thing  occurs.  I  have  been  trying  for  years 
to  do  in  a  model  what  Nature  does  so  very  easily  in  the  human  body, 
but  it  is  not  easy  to  imitate. 

I  will  refer  to  one  other  matter.  Last  year,  at  Baden-Baden,  I 
became  acquainted  with  a  gentleman  very  well  known  to  many  English 
specialists— Dr.  Schliep.  I  was  greatly  astonished  to  find  that  for  twenty 
years  that  gentleman  had  actually  been  making  experiments — it  is  not 
often  one  finds  a  medical  man  making  experiments  of  any  kind — on 
atmospheric  electricity.  He  asked  me  to  trj'  to  invent  a  simple 
instrument  which  would  give  him  the  sort  of  measurement  that  he 
wanted ;  which  could  be  sold  to  medical  men  quite  cheaply,  and  this, 
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Piofoasor  he  thought,  might  induce  all  medical  men,  or  a  great  number  of  them, 
*"^'  to  make  observations.      As    it   was  he  had  been  using  a  gold-leaf 

electroscope,  and  was  able  to  show  whether  the  potential  was  plus 
or  minus,  and  whether  it  was  much  or  little.  But  really  it  was  most 
astonishing  the  sort  of  result  that  he  obtained.  He  told  me  he  knew 
fifteen  hours  beforehand  when  certain  classes  of  patient  would  come  in 
crowds  to  him.  If  there  was  positive  electrification  nearly  every  one 
would  be  fairly  healthy — some  cases  of  neuralgia  would  present  them- 
selves— but  when  there  was  negative  electrification  he  knew  that  all 
sort  of  nervous  and  depressed  people  would  be  coming  to  him  for 
relief.  As  a  rule  there  is  positive  electrification  when  the  weather 
is  dry  and  negative  when  the  weather  is  wet,  but  it  is  not  a  high 
but  rising  barometer  that  accompanies  the  positive  electrification. 

Mr.  Coffin.  Mr.  W.  H.  CoFFiN  :    It  seems  to  me  that  the  great  drawback  in 

the  past  has  been  the  fact  that  the  physician  has  not  been  (nor  is  he 
yet)  a  physicist,  nor  have  they  met  in  the  physiologist,  who  ignores  the 
question  of  therapeutics.  I  well  remember  the  occasion,  referred  to  by 
General  Webber,  in  this  room  many  years  ago,  when  Mr.  Preece,  as  he 
then  was,  made  a  great  point  of  the  fact  that  even  those  medical  men 
who  had  devoted  themselves  to  the  study  of  electrical  treatment  were 
ignorant  of  such  things  as  an  ampere  or  a  volt,  it  being  in  Mr.  Preece* s 
mind  that  electricity  was  prescribed  regardless  of  amount  and  quality  ; 
as  if  you  were  to  send  a  patient  into  the  pharmacy  to  take  as  much 
as  he  wished  of  any  particular  medicine  recommended.  There  will 
always  be  a  difference  between  the  measurement  of  anj'thing  ap- 
proaching accurate  current  strength  or  electrification  and  the  measure- 
ment of  a  dose  of  a  drug  taken  into  the  system.  The  measurement 
of  effect  must  be  the  difficulty  in  the  medical  use  of  electricity.  It 
must  be,  as  Dr.  Jones  has  told  us  so  clearly,  that  in  modern  medical 
practice  electricity  when  not  used  either  to  replace  the  surgeon's  knife 
by  electrolysis  of  tumours  or  pathological  growths,  or  to  replace  the 
caustic  paste,  is  employed  more  for  a  general  systemic  than  for  a  local 
electro-stimulation,  which  has  somewhat  failed  and  disappointed  us. 
Much  of  this,  apparently,  as  has  been  pointed  out,  is  due  to  our 
imperfect  apprehension  of  the  conducting  power  of  the  skin.  The 
insulation  of  the  skin  varies  so  enormously  in  different  circumstances 
and  in  different  individuals,  that  we  really  do  not  know  what  we  are 
doing  when  we  imagine  we  are  sending  a  current  through  the  body, 
applying  both  poles  to  the  cutaneous  surface.  I  think  that  any  one  who 
has  systematically  used  electricity  will  endorse  what  Dr.  Jones  says  in 
his  encomium  upon  the  electrical  water  bath,  the  great  comfort,  the 
great  ease  and  simplicity  and  beautiful  results  one  gets  from  that  must 
certainly  be  made  a  good  deal  of.  But  there  is  this  difficulty,  that  in 
the  electric  bath  you  really  do  not  know  what  current  your  patient  is 
receiving.  You  know  the  maximum  current  which  he  might  have,  and 
therefore  there  is  a  safeguard,  but  when  you  consider  he  is  surrounded 
by  a  conducting  medium  at  varying  temperatures  it  is  very  difficult, 
and  it  may  be  impossible,  to  know  what  takes  place  exactly.  So  that 
those  who  have  derived  valuable  results  from  electric  baths  have  almost 
been  led  to  consider  that  it  was  almost  a  superficial  effect,  and  not  a 
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very  deep  one ;  but  upon  this  I  do  not  for  a  moment  presume  to  dog-  *'•*•  Coffin. 
mattse.  But  to  go  back  to  the  fundamental  point,  it  will  appear  that  in 
physiological  laboratories,  where  we  look  for  some  light  upon  the  thera- 
peutic action,  electricity  has  been  used  only  to  diagnose,  to  test,  as  an 
irritant,  excitant,  stimulant  in  other  researches,  and  although  we  know 
somewhat  how  muscle  and  nerve  will  react  with  electricity,  and  that 
certain  contractions  and  vital  actions  are  accompanied  by  electric 
changes,  we  have  never  been  able  to  invert  the  process  as  to  what 
effect  electrical  charge  or  conduction  has  upon  metabolic  changes  or 
physiological  processes,  and  we  have  fallen  back  upon  the  statement 
that  it  appears  to  be  an  excitation,  a  stimulation,  from  which,  in  terms 
of  energy,  very  small  causes  seem  to  produce  singularly  large  results, 
but  how  it  happens  we  do  not  know.  In  confirming  what  General 
Webber  has  said,  it  is  a  very  useful  and  hopeful  thing  to  have  a  dis- 
cussion of  this  kind  here.  I  well  remember  the  previous  one,  and  I  am 
very  much  impressed  by  the  advance  which  is  apparent  in  the  paper, 
and  in  the  discussion  to-night. 

Captain  W.  P.  Brett  :  The  author  has  referred  to  X-Ray  work,  as  g»P^*" 
far  as  it  has  explored  the  human  frame,  but  he  has  not  mentioned 
whether  these  rays  have  any  curative  effect.  My  curiosity  was  excited 
not  very  long  since  by  seeing  what  appeared  to  be  a  remarkable  series 
of  photographs  of  a  case  of  lupus  in  the  face.  The  photographs  were  of 
the  patient  taken  at  intervals  of  a  week.  He  was  subjected  periodically 
to  the  X-Rays,  and  the  results  were  most  remarkable  in  the  disappear- 
ance of  the  lupus  within  a  comparatively  short  time.  I  would  like  to 
ask  the  lecturer  whether  he  knows  of  any  other  instance  of  curative 
work  by  means  of  X-Rays.  In  reference  to  the  author's  wanting  a 
means  of  charging  small  cells ;  that  want  was  felt  very  keenly  in  the 
recent  Egyptian  campaign,  where  the  X-Rays  were  first  used  in 
warfare,  and  it  was  met  in  this  way  :  A  tandem  bicycle  was  found,  and 
a  small  dynamo  ;  the  bicycle  was  mounted  to  run  that  dynamo,  and  the 
cells  were  kept  charged.  With  direct  current,  as  Professor  Perry  has 
pointed  out,  there  is  no  difficulty;  and  with  alternating  current, 
especially  where  efficiency  is  of  no  account,  we  can  put  in  a  small 
motor,  connected  with  a  small  generator. 

Mr.  W.  M.  MoRDEV:    May  I   suggest  that  for  small  currents  we   Mr.;Mordey. 
should  use  thermopiles  ?    They  could  be  easily  produced   for   such 
purposes  at  a  reasonable  price,  if  there  were  a  large  demand  for  a 
type  that  could  be  used  with  the  ordinary  gas  supply,  and  made  to 
give  an  ampere  or  so  at  a  few  volts. 

In  regard  to  the  question  of  apparatus,  it  is  to  be  wished  that  some 
engineers  who  had  time  and  opportunity  would  take  up  the  design  of 
apparatus  of  the  kind  exhibited  in  illustration  of  this  paper.  There  has 
been  practically  no  change,  for  example,  in  the  design  of  the  Rhumkorf 
coil  since  Rhumkorf  invented  it.  It  is  true  that,  in  attempting  to 
improve  an  apparatus  of  this  kind,  one  finds  that  the  original  designers 
knew  more  than  one  supposes,  and  it  seems  at  first  perhaps  difficult  to 
improve  them,  but  I  am  quite  sure  that  the  Rhumkorf  coil  has  lasted 
long  enough  in  its  present  form.  To  refer,  for  example,  to  the  very 
nicely  got-up  and  polished  instrument  exhibited  here,  the  laminated 
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pole-piece  is  carefully  short-circuited  by  a  solid  block  of  metal.  Here, 
where  the  magnetism  is  wanted  to  go  in  and  out  as  easily  as  possible, 
every  possible  precaution  has  been  taken  to  prevent  it  from  doing  so. 
The  block  that  moves  is  a  solid  piece,  and  the  pole-piece,  instead  of 
being  laminated  so  as  to  work  with  the  smallest  possible  current  and 
with  the  greatest  rapidity,  is  made  solid.  In  many  respects  the 
Rhumkorf  coil  might  be  improved  by  any  of  us  with  experience  of 
designing,  and  with  time  to  take  the  thing  up.  I  have  no  doubt  that 
kind  of  aiticism  could  be  applied  with  force  to  most  of  the  apparatus 
sold  by  opticians. 

I  am  glad  the  President  has  asked  the  author  to  explain  what  is 
meant  in  medical  circles  by  "  electrification."  It  is  to  be  noted  that 
the  terms  so  often  met  with  in  medical  papers  dealing  with  electrical 
matters  are  not  used  here.  The  author  has  avoided  the  words  "  Fara- 
disation" and  "Galvanisation,"  and  a  number  of  other  words  w^hich 
electricians  find  in  medical  works,  but  not  in  any  other  kind  of 
electrical  literature.  I  do  not  know  whether  General  Webber  worked 
out  the  horse-power  of  the  heart,  but  in  the  example  he  gave  it  is 
only  about  four-thousandths  of  a  horse-power. 

Mr.  A.  P.  Trotter  :  I  have  never  seen  one  of  the  aluminium  one- 
way cells  which  only  allow  current  to  pass  in  one  direction.  Such  a 
cell  might  serve  to  charge  an  accumulator  with  an  alternating  current. 
Perhaps  somebody  will  give  us  some  more  information  about  it.  I 
should  like  to  ask  if  Dr.  Jones  can  tell  us  what  it  is  that  he  wishes  to 
measure  with  his  induction  coil.  Is  it  the  voltage,  or  is  it  the  milli- 
amperes,  or  the  millicoulumbs  ?  He  has  stated  that  the  different 
kinds  of  alternate  currents — from  the  coil,  from  the  alternate  current 
mains,  and  so  on — ^have  different  effects.  It  may  be  the  top  of  the 
peak  of  the  curve  which  is  giving  the  result,  and  the  total  coulombs 
might  be  a  very  small  factor  in  the  question.  The  number  of  milli- 
amperes  is,  I  believe,  usually  measured,  and  this  is  naturally  the  only 
consideration  which  affects  the  question  with  continuous  current.  It  is 
a  particularly  interesting  subject  to  me,  for  I  happen  to  have  followed 
Dr.  Jones's  work  for  the  last  twenty  years,  since  I  was  studying 
physiology  with  him,  and  I  have  watched  the  important  progress 
which  has  been  made.  I  asked  his  permission  just  now  to  ask  him  a 
question.  If  you  try  to  hold  out  your  arm  straight  from  the  shoulder 
for  some  time  it  becomes  exceedingly  painful.  From  an  engineering 
point  of  view  you  are  using  force,  but  not  doing  any  work.  Phx'sio- 
logically  I  believe  you  are  doing  work.  But  that  peculiar  tiredness,  I 
believe,  can  be  almost  wiped  out  in  a  very  short  time  by  a  certain 
application  of  electric  current.  It  occurs  to  me  that  when  one  comes 
home  very  tired  after  a  day's  work,  not  muscular  work,  some  of  that 
tiredness  might  be  removed.  I  should  like  to  ask  Dr.  Jones  to  tell  us 
something  on  this  point. 

General  C.  E.  Webber  :  May  I  iisk  Dr.  Jones  if  he  will  try  and 
combine  the  answer  to  my  question  with  that  of  Mr.  Trotter's,  because  I 
think  the  Siime  answer  will  apply  to  both. 

Mr.  S.  F.  Walker  [commttnicaicd]  :  I  should  like  to  offer  my  he*irty 
congratulations  to  the  author,  and  to  those  who  are  working  with  him. 
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on  the  great  advance  which  has  been  made   in   the  application  of   "*'•  Walker, 
electricity  to  medical  and   surgical   work  since  the  last  occasion  on 
which  the  subject  was  brought  before  the  Institute  ;  and  still  more  on 
the  grasp  of  the  subject  which  Dr.  Jones  himself  appears  to  have 
secured. 

When  the  Institution — then  the  Society  of  Telegraph  Engineers— met 
at  the  Health  Exhibition,  the  late  Dr.  Stone,  who  had  been  working  at 
the  subject  for  some  years,  gave  a  lecture,  from  which  it  was  evident 
that  medical  electrical  practice  was  then  in  a  very  empirical  state, 
and  the  knowledge  of  electricity  possessed  by  some,  even  of  the  ablest 
men  of  the  medical  profession,  very  small.  From  Dr.  Jones's  paper  we 
are  able  to  see  that  all  that  is  changed. 

One  cause  of  backwardness  in  those  days  was  the  crude  form  of  the 
apparatus  employed,  and  the  great  difficulty  of  keeping  it  in  working 
order.  Doctors  who  used  electricity  in  their  private  practice  liked  to 
have  a  portable  apparatus  that  they  could  carry  about  with  them.  But 
this  necessitated  small  cells,  which  were,  and  are  even  now,  though 
much  improved,  very  troublesome  to  maintain.  To  produce  a  current 
of  any  strength,  even  measured  in  milliamperes,  although  for  a  short 
time,  fairly  large  cells,  and  some  of  the  more  powerful  oxidising 
agents,  with  all  which  their  use  entailed,  had  to  be  employed.  The 
advent  of  electricity  supply  has  changed  all  that,  and  it  is  very  gratify- 
ing to  electrical  engineers  to  find  that  the  great  London  hospitals  have 
so  quickly  taken  advantage  of  the  currents  ready  to  their  hand. 

But  there  is  another  cause  for  the  backwardness  that  I  fear  still 
exists,  notwithstanding  the  great  advances  which  have  been  made  by 
Dr.  Lewis  Jones  and  other  leaders  of  his  profession  ;  and  that  is  the 
want  of  collaboration  between  the  two  professions.  Each  profession 
stands  at  an  enormous  disadvantage  when  approaching  problems  con- 
nected with  the  ground  occupied  by  the  other.  The  very  nomenclature 
of  each  must  be  largely  a  terra  incognita  to  the  other  !  And  even  where 
a  member  of  either  profession  is  able  to  study  the  principles  of  the 
practice  of  the  other  profession,  sufficiently  to  enable  him  to  deal  with 
the  work  in  hand  at  the  moment,  he  cannot  have  a  grasp  of  the  subject 
like  the  man  who  has  made  the  science  a  lifelong  study,  and  hence 
will  necessarily  miss  many  important  lessons,  and  will  take  longer  in 
working  out  each  problem,  than  if  he  were  assisted  by  a  member  of 
the  other  profession.  On  the  other  hand,  there  should  be  few  secrets 
in  the  working  of  the  organs  of  the  human  body  that  Nature  could 
refuse  to  disclose,  when  examined  by  a  joint  commission  of  the  two 
professions.  Unfortunately,  there  appears  to  be  considerable  jealousy  on 
the  part  of  large  numbers  of  the  medical  profession  as  to  the  intrusion 
of  any  outsider  within  their  sacred  grounds.  We  may  fairly  hope,  how- 
ever, that  this  also  will  disappear.  Electrical  engineers  have  been  ready 
to  take  up  every  subject  into  which  electricity  could  be  introduced,  so 
that  probably  medicine  and  surgery  will  follow  in  due  course. 

The  author  asks  us  to  help  him  to  solve  several  problems.  He  asks 
why  the  induced  current  from  a  coil  behaves  in  a  manner  different 
from  the  continuous  current,  when  appHed  to  healthy  and  diseased 
muscles,  but  he  omits  to  instruct  us  as  to  the  working  of  muscles  and 
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Mr.  Wajkcr.  nerves,  under  ordinary  conditions,  when  electricity  is  not  in  evidence. 
In  the  remarks  which  follow  on  this  point,  therefore,  it  must  be  taken 
that  I  am  merely  suggesting  methods  of  investigation,  rather  than 
offering  a  solution  of  the  problem. 

The  author  tells  us  that  when  an  induced  current  from  the  ordinary 
make  and  break  coil  is  applied  to  a  muscle,  the  latter  gives  a  twitch 
lasting  for  the  tenth  of  a  second,  the  contraction  becoming  permanent, 
as  long  as  the  current  is  applied,  when  the  shocks  succeed  each  other 
sufficiently  rapidly.  On  the  other  hand,  a  continuous  current  of  about 
5  milliamperes  produces  a  twitch  on  closing,  and  on  opening  the 
circuit,  the  muscle  remaining  quiescent  while  the  current  is  passing, 
after  the  first  twitch  on  closing ;  but  that  when  continuous  currents  of 
20  to  25  milliamperes  are  passed  through  the  muscle  permanent  con- 
traction takes  place.  Again,  when  paralysis — of  a  limb,  I  presume — 
is  present,  the  muscle  will  not  respond  through  its  nerves — I  presume 
through  its  trunk  nerves — to  either  the  induced  current  from  the  coil, 
or  the  continuous  current,  but  that  the  muscle  will  respond  to  the  con- 
tinuous current  when  applied  to  it  directly.  I  gather,  however,  from 
the  statement  on  page  351,  that  it  is  the  weaker  form  of  continuous 
current  to  which  the  muscle  responds,  by  giving  a  slow  twitch.  As 
the  author  remarks,  this  method  of  testing  must  be  of  great  value  in 
diagnosis ;  but  he  asks  us  to  state  why  the  nerves  and  muscles  behave 
as  they  do.  I  believe  that  we  can  answer  the  question  when  we  have 
all  the  conditions  before  us,  I  believe  I  am  right  in  saying  that  all  the 
muscles  arc  controlled  by  a  system  of  nerves,  emanating  from  either 
the  brain  or  the  spinal  cord,  and  ramifying  throughout  the  system,  like 
the  branches  of  a  tree,  or,  say,  the  distribution  network  of  an  electricity 
supply,  and  that  when  a  muscle  is  to  operate  a  message  is  sent  from 
the  brain,  or  by  reflex  action  from  the  spinal  cord,,  along  the  nerve  to 
the  muscle  ;  and,  further,  that  paralysis  of  a  particular  muscle  or  group 
of  muscles,  consists  in  the  inability  of  the  nerve  controlling  the  muscle, 
or  the  group  of  muscles,  to  transmit  the  message.  It  is  not  known,  I 
believe,  how  the  message  is  transmitted  by  the  nerves ;  but  it  is  known 
that  if  the  nerve  is  severed,  that  portion  lying  beyond  the  parting  is 
cut  off,  and  the  control  of  the  muscles  controlled  by  it  is  lost ;  and 
that  if  a  nerve  is  pressed,  crushed,  by  a  foreign  body,  such  as  an 
abnormal  growth  of  any  kind,  its  ability  to  transmit  messages  to  the 
muscles  it  controls  is  impaired,  and  may  be  suspended.  It  is  known 
also  that  the  message  may  be  imitated,  I  believe,  by  tickling  the 
exposed  end  of  the  nerve,  by  applying  heat  to  the  nerve,  or  by  applying 
electricity  in  the  manner  described.  We  may  fairly  assume,  then,  that 
the  nerve  message  is  transmitted  by  a  physical  force,  a  mode  of  motion, 
like  heat  and  electricity,  into  which  heat  or  electricity  can  be  trans- 
formed. In  every  part  of  the  body  also  there  exists  a  complete 
system  of  blood-vessels  in  duplicate,  connected  at  one  end  by  the 
very  fine  network  of  the  capillaries,  and  at  the  other  by  the  heart 
These  two  sets  of  blood-vessels  (the  veins  and  arteries)  lie,  usually,  side 
by  side,  or  very  close  to  each  other.  In  the  former  set  the  blood  is 
streaming  back  slowly,  at  a  unifonn  rate,  while  in  the  latter  set  it  is 
being  forced  outward  by  the  heart  in  pulsations  of  60  to  70  strokes  per 
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minute.  Now,  although  every  part  of  the  body  will  transmit  electric  Mr.  Waikcr. 
currents,  in  the  inverse  ratio  of  their  proportions,  I  believe  that  the 
major  portion  of  any  current  which  passes  through  any  part  of  the 
body,  omitting  that  transmitted  by  the  moisture  on  the  skin,  will  be 
carried  by  the  blood-vessels.  When  we  pass  a  current  through  a 
portion  of  the  body,  say  through  a  limb,  or  through  a  set  of  muscles, 
we  i>erform  the  following  operations : — 

1.  We  deliver  to  the  nerves  in  the  line  of  the  current  a  certain 
quantity  of  energy,  which  they  are  able  to  transform  into  what  may 
be  termed  nerve  conduction. 

2.  We  create  a  magnetic  field  within  the  body,  and  around  it,  but 
chiefly  around  the  principal  blood-vessels. 

3.  We  charge  a  condenser  within  the  muscle. 

4.  In  virtue  of  the  presence  of  this  magnetic  field,  we  generate 
E.M.F's.  in  the  fluids  moving  in  the  blood-vessels,  and  these  E.M.F's. 
will  be  :      ^ 

a.  Opposite  to  each  other,  by  reason  of  the  fact  that  the  fluids,  the 

conductors,  are  moving  in  opposite  directions,  and 

b.  While  that  generated  in  the  veins  will  be  a  steady  E.M.F.,  that 

in  the  arteries  will  be  pulsating. 
But  the  behaviour  of  the  muscles  when  induced  and  continuous 
currents  are  applied  to  them,  gives  us  further  information  as  to  the 
nature  of  the  nerve  current,  or  rather  as  to  the  conditions  under  which, 
apparently,  it  is  generated,  which  I  think  will  enable  us  to  get  nearer 
the  cause  of  the  difiFerence  between  the  action  of  the  two  currents,  to 
which  I  have  above  referred  in  quoting  the  author's  remarks  on  the 
subject.  It  would  appear,  then,  that  the  excitation  of  the  nerves  con- 
trolling the  muscle  is  connected  either  with  the  creation  and  recession 
of  the  lines  of  force,  constituting  the  magnetic  field  created  within  the 
body,  or  with  the  charge  and  discharge  of  the  condenser.  The  ex- 
planation of  the  permanent  contraction  of  a  muscle  under  the  influence 
of  a  continuous  current  of  a  certain  strength  may  be  as  follows  :  While 
a  current  is  passing  through  a  muscle,  currents  pass  through  the  blood- 
vessels, and  a  steady  E.M.F.  is  created  by  the  blood  passing  in  the 
veins,  and  a  pulsating  E.M.F.,  in  the  opposite  direction,  created  in  the 
arteries.  At  the  commencement  of  each  pulsation,  we  shall  have,  in 
the  artery,  a  feeble  imitation  of  what  takes  place  with  the  current  from 
the  induction  coil,  and  when  the  circuit  of  the  continuous  current  is  first 
closed,  viz.,  a  disturbance  of  the  magnetic  field  in  the  neighbourhood, 
and  of  the  electrostatic  conditions.  If  this  is  so,  it  is  only  necessary  for 
the  current  to  be  of  a  certain  strength  for  these  successive  disturbances 
to  be  of  sufficient  magnitude  to  cause  the  same  permanent  contraction, 
as  the  delivery  of  successive  currents  from  the  induction  coil  does. 
The  line  of  investigation  would  appear,  therefore,  to  be  to  measure  the 
smallest  current,  or  the  smallest  E.M.F.  necessary  to  excite  each  par- 
ticular nenr-^e,  and  to  find  out  what  actually  takes  place  during  the 
passage  of  currents,  which  are  steady  outside  the  body.  It  should  also 
be  noted  that  the  increased  E.M.F.  present  when  a  larger  current  is 
passing  may  have  something  to  do  with  the  matter.  Evidently,  a  long 
series  of    careful  measurements  is  required.    There  is  another  point 
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Mr.  Walker,  worthy  of  investigation,  viz.,  Does  the  energy  expended  when  a  muscle 
is  contracted,  come  from  the  brain  or  from  the  muscle  itself  ;  and  how 
is  the  transformation  effected  from  the  nerve  to  the  muscle,  or  how  is 
the  message  passed  on  ? 

On  page  352  of  the  paper  reference  is  made  to  the  application  of 
electric  currents  increasing  thje  rate  of  growth  of  particular  animals, 
and  of  particular  muscles.  No  measurements,  however,  beyond  the 
increased  rate  of  growth  appear  to  have  been  made.  It  is  to-be  pre- 
sumed that  the  increased  rate  of  nutrition  was  due  to  the  well-known 
property  of  electrical  endosmose,  the  property  in  virtue  of  which  the 
passage  of  liquids  through  a  porous  body  is  more  rapid,  when  a  current 
of  electricity  is  passing  in  the  same  direction. 

I  would  suggest  to  the  author  that  this  is  a  portion  of  the  subject 
well  worth  following  up  with  accurate  measurement.  The  rate  of 
acceleration  of  the  endosmotic  action  per  square  millimetre  of  mem- 
brane, and  per  tenth  of  a  milliampere,  should  be  carefully  measured 
for  each  important  membrane  in  the  body,  and  for  membranes  in 
various  stages  in  health  and  disease,  and  I  venture  to  suggest  that  when 
this  lias  been  done  electricity  will  be  used  very  much  more  for  restoring 
health,  where  its  loss  is  due  to  imperfect  action  of  the  organs  of 
secretion.  The  task  is  a  difficult  one,  but  probably  not  more  so  than 
many  others  the  medical  profession  have  undertaken,  and  I  do  not 
think  it  will  be  found  an  impossible  one. 

Much  may  be  accomplished  in  the  way  of  measurement,  and  many 
**  pointers "  obtained,  by  experimenting  on  porous  earthenware,  and 
upon  membranes  taken  from  animals,  after  various  lengths  of  time. 
More  will  be  done,  however,  when  the  medical  profession  recognise 
that  the  human  body  is  an  electrical  apparatus,  or  a  system  of  apparatut^, 
just  as  a  telephone,  or  electric  light  or  power  service  is,  and  that  its 
circuits  are  all  to  be  mapped  out  electrically,  so  that  when  an  E.M.F. 
of  a  given  value  is  created  between  any  two  points  or  surfaces  it  will 
be  known  that  a  certain  current  strength  is  passing  through  a  certain 
membrane,  and  should  be  doing  certain  work,  or  through  a  certain 
duct,  or  bone,  &c.,  and  that  certain  E.M.F's.  exist  at  certain  points 
within  the  body.  I  shall,  no  doubt,  be  told,  as  I  have  been  before,  that 
this  is  impossible.  It  is  not — it  is  only  difficult.  An  outsider,  looking 
at  one  of  the  street  testing-boxes  of  the  telegraph  service,  would 
imagine  it  to  be  impossible  to  know  the  current  passing  in  each  wire  ; 
yet,  as  wo  all  know,  the  engineer  of  the  postal  telegraph  service  can 
tell,  at  any  moment,  not  only  how  much  current  is  passing  through 
each  wire  but  how  much  is  passing  through  each  foot  of  the  insulating 
envelope  of  each  wire. 

The  author  has  gone  a  long  way  in  this  direction,  as  he  realises 
that  the  current  disperses  after  it  has  passed  inside  the  body. 

I  have  indicated,  in  the  above  remarks,  necessarily  in  a  somewhat 
imperfect  form,  the  thoughts  that  have  occurred  to  me  on  reading  Dr. 
Lewis  Jones's  paper,  and  I  hope  that  he  may  be  induced  to  continue 
his  investigations,  with,  I  am  sure,  every  assistance  the  Institution  can 
give  him. 
i!c\vis Jones.         ^^'  Lkwis  Joxes  in  reply  said  :  I  have  tried  to  be  as  careful  as  I 
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could  with  my  terms  before  this  audience,  and  I  recognise  the  objec-  Le;^^^.  1^,1^^ 
lions  to  the  use  of  the  word  "  electrification  "  in  the  sense  of  general 
electrical  applications.  I  will  tell  you  how  one  comes  to  use  it. 
Patients  are  sent  to  me  from  the  out-patients*  rooms  or  the  wards  to  be 
*'  electrified  "  or  to  be  "  galvanised,"  and  so  one  has  got  into  the  way 
of  using  as  a  general  term  the  word  "  electrification "  for  all  electrical 
applications.  There  is  another  word,  "electrisation,"  which  we  might 
perhaps  make  use  of  instead.  I  am  very  glad  that  Mr.  Mordey  notes 
the  fact  that  I  have  not  used  the  word  "  Faradisation."  I  constantly 
endeavour  to  do  without  that  word  and  to  teach  the  profession  not  to 
use  it  I  prefer  to  use  circumlocution,  and  speak  of  treatment  by  the 
coil,  and  treatment  by  the  cells,  and,  if  possible,  always  avoid  "gal- 
vanisation "  and  "  Faradisation."  There  is  also  the  word  "  Franklinisa- 
tion,"  and  I  read  recently  in  a  French  journal  the  word  D' Arson valisa- 
tion  1  General  Webber,  in  his  very  kindly  remarks,  has  practically 
raised  the  question  whether  electricity  is  related  to  vital  force.  Is  a 
nerve  impulse  an  electrical  impulse  ?  No  doubt  one  can  fijid  traces 
of  electrical  action  whenever  any  chemical  or  other  change  is  going 
on,  but  whether  the  electrical  changes  observed  in  living  nerve  and 
muscle  are  mere  wastes,  or  whether  they  are  of  essential  importance 
I  cannot  say.  I  will  say  simply  this,  keeping  closely  to  facts,  that  the 
rate  at  which  a  nerve  impulse  travels  down  a  nerve  is  totally  different, 
in  order  of  magnitude,  from  the  rate  at  which  an  electrical  impulse 
passes  along  a  conductor,  and  that  a  nerve  stimulated  by  an  electrical 
current  first  translates  that  electrical  impulse  into  a  nerve  impulse 
which  then  is  passed  on  to  the  muscle  at  the  rate  at  which  impulses 
travel  along  nerves,  viz.,  about  30  metres  per  second,  so  in  that  there  is 
no  superficial  connection,  so  far  as  I  can  see,  between  vital  force  and 
electricity.  To  go  deeper  into  the  question  involves  one  in  difficulties 
which  I  would  prefer  this  evening  not  to  consider.  The  question  of 
polarisation  in  applications  of  electricity  to  the  body  which  Sir  Henry 
Mance  has  raised  is  a  thing  which  we  observe  continually  in  electrical 
applications.  I  was  interested  to  notice  that  he  descril)ed  the  testing 
of  the  resistances  of  several  people,  one  a  European  and  the  others 
natives.  I  assume,  therefore,  it  was  in  some  hot  country,  and  it  is 
interesting  to  observe  that  the  European  had  the  lower  resistance, 
because  in  hot  climates  it  has  been  observed  that  the  European  is 
likely  to  perspire  more  than  the  native,  and  the  resistance  of  the  skin  is 
largely  a  question  of  moisture  or  dryness  of  the  surface. 

Professor  Perry's  suggestion  that  the  body  is  an  electrical  machine 
1  am  not  qualified  to  handle.  With  regard  to  Captain  Brett's  remarks, 
there  is  no  doubt  that  X-Rays  have  an  useful  therapeutic  effect  not  only 
on  lupus  but  on  other  skin  diseases ;  but  I  fear  that  there  are  prac- 
tical difficulties  in  the  way  of  his  suggestion  that  we  should  charge  our 
accumulators  with  a  bicycle  and  a  little  dynamo.  With  regard  to 
thermopiles,  I  was  sorry  that  the  Cox  thermopiles  disappeared  from 
commerce.  I  had  great  hopes  that  there  was  something  there  which 
would  be  useful  to  us,  but  I  have  had  no  opportunity  of  using  one. 
There  is  also  some  uncertainty  as  to  the  life  of  thermopiles.  How  long 
do  they  last?     You  can  still  buy  in  this  country  a  Giilchcr  thermo- 
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f  *^uis  Ton  P*^®'  ^"*  **  ^"^y  gives  current  at  3  volts,  and  several  would  be  needed 
to  charge  an  accumulator  of  four  cells,  which  is  the  type  w^e  mostly  use. 

Most  of  the  apparatus  on  the  table  is  German.  English  instrument- 
makers  do  not  pay  much  attention  to  electrical  medical  apparatus. 
A  doctor  has  to  pay  for  his  apparatus  out  of  his  earnings,  and  his 
position  is  entirely  different  from  that  of  one  who  buys  for  a  public 
company  and  can  afford  good  things.  English  instrument-makers  can 
make  the  most  beautiful  apparatus,  but  we  cannot  afford  their  prices, 
and  they  are  not  well  acquainted  with  our  requirements.  We  have 
therefore  to  take  what  we  can  get,  and  we  can  buy  ready-made  German 
apparatus,  and  those  we  use  and  make  the  best  of.  Mr.  Trotter  has 
suggested  the  aluminium  cell  as  a  means  of  obtaining  direct  current 
from  alternating  mains.  I  spent  much  time  one  summer  trying  to 
make  one  which  would  do  what  was  wanted,  but  it  seemed  unable  to 
work  against  several  secondary  cells.  After  two  or  three  hours  a  pitting 
action  began  to  take  place,  the  aluminium  cell  became  hot,  and  in  the 
end  I  had  to  give  up  the  attempt.  I  could  not  make  it  work,  and 
although  long  papers  have  since  been  read  on  the  subject  I  fail  to  see 
in  those  papers  any  clear  statement  that  it  was  possible  with  the 
aluminium  cell  to  effect  the  particular  transformation  we  want.  I 
should  be  glad  to  know  if  somebody  has  succeeded  and  is  prepared 
to  sell  the  perfected  apparatus;  but  I  am  afraid  it  does  not  work. 
With  regard  to  the  question  asked  by  Mr.  Trotter  respecting  elec- 
trical applications  to  dispel  fatigue,  I  have  mentioned  a  new  paper  on 
the  subject  by  Prof.  Capriati,  a  physiologist  in  Italy,  which  has  been 
brought  out  with  very  good  dynamo-metric  tracings  and  measure- 
ments. He  has  shown  that  electrical  stimulation,  that  is  to  say,  a 
constant  current  passed  along  t-he  spine,  whether  upwards  or  down- 
wards, increases  the  muscular  force  for  a  day  or  two  after  the  applica- 
tion, also  that  electrical  stimulus  applied  to  the  nerves  and  muscles 
of  the  arms  does  the  same  thing  for  the  arms.  Whether  it  is  a 
question  of  improved  circulation  or  whether  there  is  a  direct  effect 
upon  the  activity  of  the  nerve  cells  I  cannot  say,  but  that  there  is  a 
direct  refreshing  effect  of  that  kind  in  stimulation  of  the  brain  and  the 
parts  around  the  brain,  and  the  upper  parts  of  the  spinal  cord  seems 
undoubted.  People  who  are  treated  for  other  things  will  sometimes 
notice  an  improvement  in  their  general  health,  after  applications  to  the 
head  and  neck,  which  is  quite  apart  from  the  object  which  is  desired 
in  their  treatment.  For  example,  one  has  sometimes  to  try  and  relieve 
some  kinds  of  deafness  by  electrical  applications  to  the  region  of  the 
auditory  nerve.  One  pole  is  placed  in  front  of  the  ears,  and  the  other 
pole  is  at  the  back  of  the  neck.  These  people,  even  if  they  get  no 
beneBt  to  their  hearing  will  often  speak  quite  confidently  of  feeling 
an  improved  general  condition.  I  remember  some  time  ago  being  told 
by  a  lady  that  she  had  felt  much  better  in  herself  after  a  course  of 
treatment  for  deafness,  and  that  in  spite  of  the  fact  that  the  deafness 
itself  was  no  better.  There  was  an  instance  where,  quite  unprompted 
and  unsuggested,  she  had  recognised  a  feeling  of  good  health  to  be 
associated  with  the  electrical  applications. 

Then  I  have  been  asked  what  wc  want  to  measure  in  our  induction 
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coil  applications.  What  we  really  want  is  to  be  able,  in  testing,  to  Dr.  / 
reproduce  to-morrow  the  conditions  of  a  test  applied  to-day.  Many  '-«^^*^ J'*"**- 
factors  arc  concerned  in  the  testing  of  nerve  and  muscle.  If  you  arc 
trying  to  see  what  is  the  minimum  current  which  will  make  a  muscle 
contract,  you  will  get  different  results  and  different  minima  on  changing 
the  self-induction  of  your  circuit.  Self-induction  in  a  circuit  makes  a 
larger  current  necessary  for  the  minimum  stimulus.  That  self-induction 
clearly  would  act  by  slowly  retarding  the  rate  of  growth  of  the  current. 
Therefore,  I  think  we  may  say  what  we  want  to  know  is  not  only  the 
value  of  the  current,  but  the  shape  of  the  curve  of  its  rise  and  fall. 

No  one  has  given  me  exactly  what  I  wanted  with  regard  to  the 
condenser  to  replace  the  induction  coil  for  testing  purposes.  I  have  a 
notion  that  given  a  condenser  of  known  capacity  charged  to  a  known 
voltage,  the  curve  of  discharge  could  be  plotted  for  different  conditions 
of  external  resistance  for  which  it  is  discharged,  so  that  by  its  means 
we  could  reproduce  exactly  the  conditions  of  any  previous  test.  I 
would  have  liked  to  hear  something  on  that  point ;  and  also  as  to  the 
modifications  in  that  curve  which  are  produced  by  increases  or 
decreases  in  the  resistance  through  which  it  is  discharged ;  for 
example,  where  the  external  circuit  is  of  i,ooo  or  2,000,  or  4,000  ohms, 
also  whether  by  raising  the  voltage,  and  using  a  smaller  condenser  to 
match,  one  could  diminish  the  differences  in  the  shape  of  the  dis- 
charge curves  which  were  produced  by  differences  in  the  resistances. 

The  President  :  I  have  now  to  move  a  hearty  vote  of  thanks  to  The 
Dr.  Jones  for  his  paper.    Personally  I  think  we  have  had  one  of  the  P»"«^**<^°t' 
most  interesting  discussions  of  the  whole  Session. 

The  vote  was  carried  by  acclamation. 

The  President  announced  that  the  scrutineers  reported  the 
following  candidates  to  have  been  duly  elected  : — 

Members  : 
Herbert  Edward  Neville  Appel-  I       William  Benison  Hird,  B.A. 
bee.  I 

Associate  Members  : 

James  Coats.  |       Matthew  McAuley  Ciillcspie. 

Gerald  Hart  Jackson. 


Associates : 


Allan  Falkner  Beach. 
W^alter  Bryan  Cheetham. 
Henry  Lewis  Jones,  M.D. 
William  James  Albert  London. 
Robert  Burns  Maccall. 


Sarsfield  William  Martyn. 
Cecil  Nathan. 
E.  Grey  Scott. 
James  Boyd  Shield. 
William  Wallace. 


Alfred  Tufnell  Yates. 

-    Students  : 
Edward  Carter.  1       Fitzroy  Owen  Jonathan  Roose. 

Richard  Vincent  Lynn.  William  Stewart  Ross. 

Duncan  Reid.  Charles  Percival  Tonge. 

Arthur  Clcmment  Wilmot. 
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GLASGOW  LOCAL   SECTION. 

Paper  read  at  Meeting  of  Section,  February  i6///,  igcx). 

THE  PROBLEM  OF  ARC-LIGHTING  FROM 
250-VOLT  SUPPLY. 

By  W.  B.  Savers,  Member. 

The  advent  of  250-500-volt  electric  supply  in  Glasgow 
is,  I  apprehend,  welcomed  by  all  of  us  who  are  anxious  to 
see  a  system  established  on  a  permanent  and  secure  basis. 

The  pressure  adopted  by  Mr.  Chamen  is  the  highest 
permitted  by  the  Board  of  Trade  to  be  used  on  private 
consumers'  premises,  unless  when  special  precautions  pre- 
scribed by  the  Board  of  Trade  are  adopted  and  their 
permission  to  use  the  higher  pressure  obtained. 

There  is  no  doubt  that  the  pressure  now  adopted  reaches 
the  limit  at  which  accidental  contact  with  the  circuit  by 
the  human  frame  involves  little  or  no  risk  of  serious 
shock,  and  at  which  the  better  class  of  insulating  materials 
and  types  of  apparatus  which  have  been  developed  for 
interior  work  are  safe  and  reliable. 

With  the  enormous  growth  of  the  demand  for  electric 
energy,  and  the  ever-widening  area  over  which  it  appears, 
the  increase  of  pressure  was  inevitable,  unless  stations  were 
put  down  at  frequent  intervals  all  over  the  city,  or  some 
system  of  high -pressure  distribution  with  transforming 
apparatus  was  adopted.  For  the  reasons  already  given 
we  may,  I  think,  regard  the  pressure  now  adopted  as  final 
— at  any  rate  during  the  era  of  the  present  types  of 
consuming  devices — and  I  take  this  late  opportunity  of 
congratulating  Mr.  Chamen  on  having  gone  the  full  length 
of  the  Board  of  Trade  tether  in  determining  the  pressure 
for  the  new  supply  stations  for  Glasgow,  and  of  wishing 
him  safe  and  speedy  relief  from  the  great  and  almost 
innumerable  difficulties  which  the  change  of  pressure 
over  an  already  large  system  involves. 

When  incandescence  lamps  were  first  introduced,  they 
were  generally  adapted  for  a  pressure  of  about  50  volts  ; 
and  two  or  more  run  in  series  according  to  the  voltage  of 
the  circuit.     In  order  to  be  able  to  turn  out  single  lamps, 
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it  was  necessary  to  provide  alternative  resistances  to  waste 
the  energy  which  would  be  consumed  by  the  lamps  if 
burning,  and  keep  the  pressure  on  the  other  lamps  constant. 
The  adoption  of  250  volts  as  the  pressure  of  supply  for 
private  consumers  has  landed  us  in  the  same  difficulty  with 
regard  to  arc  lamps.  With  loo-volt  supply  difficulty  existed, 
but  to  a  much  smaller  degree  ;  enclosed-type  arcs  burning 
singly  across  loo-volt  circuits  were  a  satisfactory  solution 
of  the  problem  as  regards  the  convenience  of  having  every 
lamp  independent  of  the  remainder,  and  though  the  energy 
consumed  for  a  given  result  as  regards  actual  illumination 
is  much  greater  in  the  loo-volt  enclosed-type  arc  as  com- 
pared with  the  ordinary  open-type,  yet  the  practical  effect 
with  the  loo-volt  enclosed-type  is  often  quite  satisfactory. 
Moreover  the  enclosed-type  lamps  have  the  great  advantage 
of  burning  about  twenty  times  as  long  (more  or  less)  as 
those  of  the  open-type  with  one  supply  of  carbons. 

With  the  loo-volt  supply,  when  open-type  lamps  were 
preferred,  they  could  be  run  two  in  series,  and  if  one  only 
was  used  with  a  resistance  in  series  the  waste  of  energy  was 
only  50  per  cent. 

But  when  we  come  to  250  volts,  the  conditions  of  arc- 
lighting  must  be  described  as  extremely  awkward  and 
unsatisfactory.  It  is  true  that  enclosed-type  lamps  are  to 
be  had  which  burn  singly  across  a  250 -volt  circuit,  but 
any  which  have  come  under  my  observation  so  far  must 
be  described  as  mere  apologies  for  arc-lamps,  the  energy 
consumed  being  very  great  for  the  amount  of  light  given 
out,  and  the  colour  of  the  light  being  unsatisfactory. 

We  must  therefore  use  two  enclosed  lamps  across  250 
volts,  and  put  up  with  a  50  per  cent,  loss  if  we  only  wish 
to  burn  one;  or  if  we  wish  open-type  lamps,  we  must 
consume  energy  sufficient  for  four  or  five  lamps  or  multi- 
ples of  those  numbers,  wasting  the  difference  between  this 
and  the  energy  really  required  for  useful  lamps.  In  fact, 
with  arc-lights  the  consumer  is  deprived  of  the  power  of 
economising  by  turning  off  lamps  not  actually  required, 
or  turning  "on"  only  when  required,  and  the  exercise  of 
this  power  of  control  in  incandescence  lighting  experience 
has  shown  to  be  the  very  essence  of  economy. 

At  this  point  it  will  be  convenient  to  say  something 
about  the  relative  merits  as  regards  light-giving  qualities 
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of  open-  and  enclosed-type  arc-lamps.  This  I  am  able  to 
do  in  a  more  definite  way  than  I  could  otherwise  have 
done,  owing  to  the  kindness  of  Mr.  Chamen  in  allowing 
me  to  make  some  comparative  observations  at  the  arc-lamp 
testing-shop,  Port  Dundas,  and  in  making  which  I  had  the 
advantage  of  Mr.  Lackie's  co-operation.  Comparisons  were 
made  between  50 -volt  open-type  arcs,  100- volt  enclosed- 
type,  250-volt  enclosed-type,  and  groups  of  incandescence 
lamps,  all  consuming  approximately  the  same  amount  of 
energy.  The  lamps  compared  were  fitted  with  opalescent 
globes  such  as  are  used  in  the  great  majority  of  lamps  in 
use  throughout  the  city,  the  enclosed-types  being  fitted 
with  obscured  inner  and  outer  globes,  and  the  open-type 
with  a  globe  such  as  is  used  in  the  street  lamps ;  thus  the 
comparison  is  a  simple  practical  one.  No  attempt  was 
made  to  measure  actual  candle-power,  but  the  lo-ampere 
open-type  arc  with  opalescent  globe  was  taken  as  the 
standard  of  comparison,  and  the  light  given  by  the  others 
is  stated  in  terms  of  that  given  by  the  lo-ampere  open- 
type  lamp. 

Two  methods  of  comparison  were  used ;  the  grease- 
spot  and  the  shadow  methods,  the  light  being  taken  as 
proportional  to  the  square  of  the  distances — in  the  one 
case  between  each  source  and  the  point  where  the  grease- 
spot  became  invisible,  or  nearly  so,  and  the  other  to  the 
square  of  the  distances  between  each  source  and  a  pencil 
throwing  shadows  of  equal  intensities  ;  the  results  are  given 
in  Table  I. 

TABLE  I. 


Open-type 

Arc. 


Enclosed-type  Arcs. 


Inc.indesccnts  (new  lamps), 
Clear  Globes. 


5  in  Scries,  i  2  in  Scries. 
S.R.  =  12 


'    S.R.  =4 
'      ohms. 

C=:  loAmps 

Watts =500 


ohms. 
C =4  Amps. 
\Vatts=5oo 


"I" 


Single. 

S.K.= 

C  =  275 

Amps.  ^y^jj^ 

Watts =680    =1100 


Relative 
Luminosity  I 

Do.,    do. 


16.  l6-c.p. 
C  -  4*4  Amps. 


Watts 

=  500. 


31.  8-c  p. 
C=4'5  Amps.    I 

Walts      Watts 
=  1120.      =  500  : 


I       1    0-475         o-i  0-68     0-31    I  075     0-333  ' 


325        1*54  0-325        —  I        —    .    1-07 


Note  :  Voltages  across  lamps  and  resistances  =  250. 
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From  the  above  table  it  appears  that  open-type  arcs  of 
the  sizes  mentioned  are  twice  as  effective  as  enclosed-tjrpe, 
and  3^  times  as  effective  as  groups  of  new  incandescent 
clear-globe  lamps.  It  is  true  that,  owing  mainly  to  the 
greater  time  which  enclosed  lamps  will  burn  with  one 
trimming,  they  are  sometimes  to  be  preferred,  and  are  in 
fact  in  considerable  demand  by  the  public,  but  I  question 
very  much  whether  their  popularity  would  be  anything 
like  what  it  is  if  open-type  lamps  could  be  used  in  single 
parallel  or  even  two  in  series,  and  the  public  was  informed 
of  the  fact  that  something  like  twice  the  amount  of  light 
was  to  be  had  from  open-type  lamps  for  the  same  cost  for 
electricity.  Of  course,  when  the  consumer  is  told  that  if 
he  has  open-type  lamps  he  must  have  four  or  five  in  series 
and  that  he  cannot  control  them  singly — at  any  rate  without 
having  to  pay  for  energy  for  all,  and  when  this  state  of 
matters  is  compared  with  only  two  enclosed  arcs  in  series, 
coupled  with  the  advantage  as  regards  duration  of  carbons, 
he  is  most  likely  to  decide  in  favour  of  enclosed  lamps. 

I  will  rK)w  enumerate  the  disadvantages  of  the  250-volt 
supply  from  the  arc-lamp  users'  point  of  view,  and  after- 
wards describe  some  means  of  mitigating  them  as  far  as 
possible.    And  first : — 

Open-type  Arcs. — i.  Not  fewer  than  four  or  five  lamps 
can  be  fixed,  and  greater  numbers  must  be  multiples  of 
these  numbers,  or  if  less  numbers  are  fixed  the  energy 
consumed  must  be  equal  to  that  required  for  four  or  five, 
or  for  multiples  of  four  or  five  ;  thus  if  there  are  five  lamps 
in  series,  five  will  have  to  be  turned  on,  though  only  one 
is  really  necessary,  and  if  six  are  necessary  ten  will  have  to 
be  turned  on. 

2.  With  four  or  five  lamps  in  series  the  disturbance  due 
to  one  faulty  lamp  affects  all  the  others  on  the  circuit ; 
hence  fliickerings  and  irregularities  will  be  four  or  five  times 
as  frequent  on  the  average  as  would  be  the  case  if  each 
lamp  were  independent. 

3.  All  lamps  in  one  circuit  must  be  of  the  same  size ; 
that  is,  must  take  the  same  current. 

Enclosed-type.  —  The  three  disadvantages   described 
above  with  regard  to  open-type  apply  in  a  greatly  diminished 
degree  to  enclosed-type ;  but,  on  the  other  hand,  this  may 
VOL.  XXIX.  26 
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be  said  to  be  nearly  or  quite  counterbalanced  by  the  smaller 
amount  of  light  produced  by  a  given  expenditure  of  energy. 
There  is  the  further  disadvantage  in  many  cases  of  inferiority 
of  colour. 

Now  I  come  to  the  means  available  for  mitigating  these 
disadvantages,  but  first  I  remark  that : — 

The  250-volt  enclosed  arc  would  meet  all  the  difficulties 
if  it  only  did  not  lack  the  essential  quality  of  giving  light, 
but  seeing  that  it  only  gives  about  one-third  as  much  as  a 
group  of  incandescents  and  one-tenth  as  much  as  an  open- 
type  arc  consuming  energy  at  the  same  rate,  it  may  be 
dismissed  at  once  as  unsatisfactory  ;  also 

Multiple-carbon  lamps  capable  of  burning  satisfactorily 
with  a  sufficiently  small  current  would  also  meet  all  the 
difficulties,  but  unfortunately  they  are  not  in  the  market. 

Where  a  sufficient  number  of  lamps  is  required  two 
modes  of  meeting  the  difficulties  present  themselves — first 
the  obvious  one  of  using  a  continuous-current  step-down 
transformer  to  change  the  supply  pressure  from  250  volts 
to  a  suitable  one  for  burning  lamps  in  single  parallel,  and, 
second,  the  use  of  an  arrangement  which  I  have  devised, 
but  not  so  far  put  into  practice.  This  arrangement  com- 
prises the  use  of  what  I  call  a  "ganger"  switchboard.  It 
is  very  simple.  You  run  a  separate  pair  of  cables  to  every 
lamp,  bringing  the  ends  to  a  convenient  spot  and  termina- 
ting them  in  a  suitable  double-plug  connection.  Within 
reach  of  these  connectors  are  rows  of  contact  blocks  or 
springs  arranged  four  or  five  in  series,  as  the  case  may  be ; 
four  or  five  additional  plugs  are  provided,  which  are  con- 
nected to  resistance  coils  each  suitable  for  replacing  one 
lamp.  The  lamps  wanted  are  plugged  into  circuit  as 
required,  filling  up  the  groups  of  contacts  in  succession, 
the  resistance  plugs  being  used  to  complete  the  series 
circuits. 

With  a  large  number  of  lights  distributed  throughout 
a  warehouse,  for  example,  the  number  of  circuits  turned 
on  will  be  the  minimum  possible  for  the  number  of  lights 
in  use,  and  consequently  this  system  would  ensure  the 
greatest  economy  possible  in  a  series  system  as  regards 
consumption  of  electricity. 

Its  disadvantages  are  : — 

I.   Means  of    signalling  to   the   switchboard,  such   as 
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speaking  tubes,  bells  or  telephones,  must  be  provided  at 
convenient  points,  and  some  person  at  or  near  the  switch- 
board must  be  charged  with  the  duty  of  plugging  lamps 
in  or  taking  them  out  as  required. 

2.  All  the  lamps  must  be  of  the  same  size,  and  must  be 
adjusted  to  work  one  with  the  other  in  any  combination. 
(At  present  lamps  intended  to  burn  in  a  series  are  adjusted 
together,  and  marked  so  that  they  may  be  kept  together.) 

This  ganger  switchboard  arrangement  is  not  entirely 
novel ;  something  of  the  same  kind  has  been  in  use  for 
some  years  by  the  Midland  Railway  Company,  at  St. 
Pancras,  where  circuits  of  forty  or  more  lamps  in  series 
are  built  up  of  groups  of  lamps  by  means  of  a  plug  switch- 
board. The  arrangement  was,  I  believe,  originated  by  my 
brotlier,  Mr.  J.  Sayers,  under  the  superintendence  of  the 
Midland  Railway  Company's  chief  electrical  engineer,  Mr. 
W.  E.  Langdon. 

The  best,  and  indeed  I  think  the  only  really  satisfactory 
mode  of  dealing  With  the  question — where  the  number  of 
lamps  required  warrants  it, — is  the  use  of  a  step-down 
transformer  giving  on  the  generator  side  a  pressure  suitable 
for  working  the  lamps  in  single  parallel.  This  presents  the 
following  advantages : — 

Lamps  may  be  turned  on  or  off  as  needed,  thus  bringing 
arc- lamps  into  line  with  incandescence  lamps  as  regards 
independent  control  and  consequent  economy. 

The  size  of  each  lamp  may  be  fixed  with  reference  to 
the  particular  area  it  is  required  to  light. 

The  number  of  lamps  fixed  will  be  just  as  many  as  are 
required — neither  more  or  less,  and  obviously  one  or  more 
lamps  may  be  added  or  taken  out,  as  compared  with  the 
necessity  for  adding  or  deducting  a  circuit  of  four  or  five. 

The  voltage  across  the  lamp  terminals  may  be  adjusted 
to  give  the  best  possible  results,  instead  of  being  controlled 
by  the  necessity  for  burning  a  certain  number  in  series 
across  a  circuit  not  specially  designed  for  arc-lamps. 

The  disadvantages  of  the  transformer  are  obvious ; 
namely  the  first  cost,  and  the  waste  of  power  in  the 
transformer.  These  two  disadvantages,  however,  in  my 
opinion,  by  no  means  counterbalance  the  advantages 
enumerated  above  ;  but  with  regard  to  the  waste  of  power, 
I    suggest   that  this   might   fairly  be   born  by  the   Supply 
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Company — in  our  case  by  the  Corporation  Electricity 
Supply  Department.  I  commend  this  suggestion  with 
the  hope  that  it  may  not  be  considered  unreasonable  by 
those  who  have  the  fixing  of  the  rates  of  charge.  The 
public,  I  think,  have  the  right  to  expect  that  they  should 
have  reasonable  facilities  for  using  arc-lamps  in  the  most 
convenient  and  economical  manner,  paying  only  for  the 
light-giving  current,  and  it  seems  to  me  that  the  Electricity 
Department  may  fairly  be  asked  to  consider  whether,  if  the 
consumer  is  prepared  to  make  the  capital  outlay  necessary 
for  a  transformer  to  reduce  their  pressure  to  one  suitable  for 
arc-lamps,  they  should  not  meet  him  by  putting  their  meter 
on  the  low-tension  side.  Companies  and  Corporations  using 
high-pressure  distributing  systems  always  put  their  meters 
on  the  low-pressure  side  and  charge  only  for  the  useful 
current. 

The  arc -lamp  transformer  would  only  be  turned  on 
when  lamps  were  actually  required,  instead  of  wasting 
power  throughout  the  twenty-four  hours,  as  is  the  case 
in  high-tension  alternating-current  systems. 

When  a  step-down  transformer  is  used,  a  very  important 
question  is :  What  is  the  best  voltage  to  adopt  for  arcs  in 
single  parallel  ?  In  considering  this  question,  it  occurred  to 
me  that  notwithstanding  the  fact  that  the  voltage  required 
across  one  arc  to  give  the  best  results  is  pretty  narrowly 
defined,  yet  those  engaged  in  the  development  of  the  modern 
arc-lamp  have  no  doubt  been  influenced  to  a  certain  degree 
by  the  necessity  for  producing  lamps  which  would  burn 
two  in  series  on  loo-volt  circuits,  and  that,  if  arc-lamp 
makers  had  a  perfectly  free  hand  as  regards  the  voltage 
they  could  have  across  the  lamp  terminals,  they  might 
prefer  to  adjust  their  lamps  for  a  somewhat  higher 
voltage  across  the  arc  than  that  commonly  adopted,  and 
to  use  a  little  more  steadying  resistance  than  is  absolutely 
indispensable. 

Accordingly  I  have  asked  several  of  the  leading  makers 
and  users  of  arc -lamps  to  favour  me  by  replying  to  a  set 
of  questions,  with  liberty  to  make  use  of  the  information 
they  give  in  this  paper. 

The  questions  were  replied  to  categorically  by  one 
maker  only,  the  Brockie-Pell,  the  other  firms  and  companies 
addressed  giving  information  in  their  own  way,  and  I  prefer 
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to  give  the  information  in  the  form  in  which  I  received  it. 
The  questions  submitted  in  each  case  were  those  answered 
by  the  Brockie-Pell  Company  : — 

Brockie-Pell  Arc  Lamp. 

Q.  (i)   What  voltages  would  you  use  by  preference  pr 
open 'type  arcs  of  8,  lo,  15,  and  20  amperes  respectively  f 


Ans. — 

8  Amp. 

10  Amp. 

15  Amp. 

20  Amp. 

42^' -44^'     . 

••     42^-44"     • 

••    43" -45^-    • 

•    45' -47" 

Q,  (2)  What  would  you  consider  the  BEST  PRESSURE  for 
open-type  arcs  in  single  parallel,  having  regard  to — 

(a)  Steadiness. 

(b)  Effectiveness;  that  is,  useful  light  for  power  con- 

sufned. 

(c)  Colour. 


Ans. — 

8  Amp. 
(a)  60^-65^     . 

{b)  50^-55^     . 
(c)  60- -65-     . 

10  Amp. 
..      60^-65^'      . 

..    50^-55'     . 
..    60^-65^     • 

15  Amp. 
..     60^-65^      . 

..    60^-65^     . 

20  Amp. 
..     65^-70^ 
..     60^-65^ 
..     65V -70^ 

Q.  (3)  What  voltage  would  you  use  across  the  arc  in  each 
case,  or  how  much  resistance  would  you  put  in  circuit  with 
each  8,  10,  15  and  20  ampere  arc  respect  lively  ? 


Ans. — 

8  Amp. 

10  Amp. 

15  Amp. 

20  Amp. 

(a)  42" -44"     • 

..  42" -44"  • 

••    43" -45"    • 

••    45" -47" 

(b)  42" -44'     . 

••  42" -44'  • 

••    43" -45"    • 

••    45" -47" 

(c)44v-47v     . 

..     48»-48»     . 

..    46" -49"     ■ 

..    48" -52" 

Crompton  &  Co.,  Limited. 

"(p.  (i)  We  find,  from  long  experience,  that  about  50  volts 
should  be  allowed  for  each  arc-lamp.  We  do  not  think 
there  is  much  difference  between  two  lamps  in  series  on 
100  to  no  volts,  or  four  in  series  on  200  to  220  volts.  Five 
in  series  will  run  quite  well  on  250  volts,  and  in  fact  we 
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have  lamps  running  five  in  series  on  235  volts,  but  this 
latter  is  cutting  things  rather  too  fine.  We  have  also  lamps 
running  10  in  series  on  460  volts,  and  they  are  behaving 
very  well,  but  it  is  necessary  to  use  a  starting  resistance 
in  order  to  avoid  violent  pumping  when  the  lamps  are 
switched  on.  The  necessary  volts  per  lamp  for  steady 
running  slightly  decreases  as  the  number  of  lamps  in  series 
is  increased,  but  it  is  a  very  safe  rule  to  assume  that  50 
volts  are  required  per  lamp. 

"<p.  (2)  For  lamps  in  single  parallel. 

"  («)  55  volts  is  the  lowest  circuit  pressure  we  could 
recommend  for  steady  burning. 

"(6)  The  above  pressure  also  gives  best  efficiency, 
that  is  useful  light  for  power  consumed. 

"  (c)  The  colour  is  affected  by  the  length  of  the  arc, 
and  it  is  found  that  the  light  is  at  its  best  when 
lamps  are  adjusted  to  take  about  43  volts  across 
the  arc.  The  colour  becomes  tinted  with  purple 
or  violet  if  the  volts  at  the  arc  are  raised  from 
45  to  50  volts.  A  few  years  ago  lamps  were  run 
with  50  volts  across  the  arc,  which  resulted  in 
unsteady  burning  and  also  a  more  or  less  coloured 
light. 

"  If  50  volts  are  used  at  the  arc,  55  would  be  too  little 
for  the  circuit  volts.  These  should  be  raised  to 
some  60  to  65 ;  but  we  do  not  think  that  this  is 
ever  done  now,  at  least  not  in  the  United 
Kingdom, 

"!?•  (3)  We  adjust  all  our  lamps,  8,  15,  and  20  amperes, 
so  that  they  will  burn  with  from  42  to  44  volts  across 
each  arc.     We  recognise  43  as  the  figure." 

The  General  Electric  Co.,  Limited. 

"jp.  (i)  We  prefer  using  42  volts  for  all  arcs  from  8  to 
20  amperes. 

"jp.  (2)  The  best  line  pressure  for  lamps  in  single  parallel 
we  consider  to  be  55  volts  for  8-ampere  arcs,  50  volts  for 
2o-ampere  arcs,  allowing  proportionate  voltages  for  inter- 
mediate cun-ents. 

"  Our  answers  to  Nos.  i  and  2  also  answer  No.  3." 
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Messrs.  P.  R.  Jackson  &  Co.,  Limited. 

"The  best  pressure  for  our  direct-current  'Jackson- 
Mensing*  arc-lamps  with  any  current,  and  having  regard 
to  either  steadiness,  effectiveness,  or  colour,  is  38  volts. 
The  amount  of  resistance  required  in  circuit  depends  on 
the  voltage  of  supply.  We  do  not  quite  understand  your 
first  query,  but  may  say  that  the  greater  the  voltage  and  the 
more  lamps  run  in  series,  the  better  the  burning  of  our 
lamps." 
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A)  Amp.  LdLmps  6  in  series. 

Fig.  I. 


Mr.  Langdon's  Experience. 

I  can  certainly  say  without  hesitation  that  42  volts  is 
a  very  uneconomical  pressure  for  arc-lamps. 

"If  you  can  get  carbons  that  do  not  flare,  you  can 
work  up  to  certainly  50  volts  with  a  production  of  light 
greater  than  the  proportional  increase  of  volts. 

"  In  practice,  however,  we  find  46  to  48  volts  to  be  the 
best  volts  to  maintain  across  our  arcs. 

"There  is  another  disadvantage  in  using  such  a  low 
voltage  arc  as  42,  in  that  a  comparatively  small  irregularity 
in  the  feed  puts  the  lamp  nearly  out. 

"  I  think  that  47-volt,  lo-ampere  arcs  about  the  best  unit 
that  can  be  adopted. 

"With  our  3TO-volt  circuits  we  burn  foqr  such  lamps  in 
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series  with  from  two  to  three  ohms  in  circuit,  according  to 
the  distance  the  lamps  are  away  from  the  feeding  point/* 

Fig.  I. — The  curve  A  shows  the  units  per  hour  consumed 
as  successive  circuits  of  5-10-ampere  lamps  in  series  are 
turned  on.  The  curve  B  shows  the  maximum  B.o.T.  units 
per  lamp-hour ;  eg.,  one  lamp  only  is  required,  but  five  have 
to  be  turned  on  ;  or  two  lamps  are  necessary  and  they  are 
on  different  circuits,  so  that  ten  lamps  must  be  turned  on — 
thus  the  consumption  is  at  the  rate  of  2J  B.o.T.  units  per 


Anfpera-*o    to  to  30  ^o  Ao  to  fo  do  so  soo  no  lio  ao  i40  no  ito  ao  leo  mom 
aAmp^LdmpA'-'i  t  3  4  5  6  7   3  §  iOMxaHiA/onmrntouitu  Mm 
Low  pnssuro  currmnt  «  iO  Amp.  UunpSi 

Fig.  2. 

lamp.  The  curve  C  gives  the  B.o.T.  units  per  lamp-hour 
if  the  circuits  turned  on  is  the  minimum  possible  for 
number  of  lamps  required.  This  is  obviously  possible  only 
with  the  "  ganger  "  switchboard,  or  some  equivalent  arrange- 
ment. The  curve  D  shows  the  average  B.o.T.  units  per 
hour  for  500-watt  lamps  with  the  ganger  switchboard. 

With  a  simple  five  in  series  distribution  the  average  B.o.T. 
units  per  lamp-hour  will  lie  between  the  curve  B  and  the 
curve  C,  i.e.f  between  2*5  and  '68  (taking  a  maximum  of 
25  lamps),  and  will  be  nearer  the  higher  or  the  lower  figure 
according  to  the  degree  to  which  it  may  or  may  not  be 
practicable  to  so  arrange  the  lamp  circuits  that  those  lamp3 
required  at  the  sanie  time  are  upon  the  s^me  circuits, 
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Fig.  2. — ^The  curve  E  shows  B.o.T.  units  per  hour  taken  by 
the  primary  of  a  step-down  transformer  coupled  on  primary 
side  to  500-volt  supply  and  having  a  ratio  i  to  8  ;  F  shows 
B.o.T.  units  per  lamp-hour  (absorbed  on  primary  side)  for 
625-watt  lamps,  and  G  for  500-watt  lamps. 

H  is  the  average  for  625-watt  lamps. 

I  is  the  average  for  500-watt  lamps. 
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DUBLIN  LOCAL    SECTION. 


INAUGURAL  ADDRESS   BY  THE   CHAIRMAN, 

delivered  February  22^  igoOj  by 

Professor  G.   F.  Fitzgerald,  F.R.S. 


THE  applications  OF  SCIENCE— A  LESSON    FROM  THE 

nineteenth  century. 

I  feel  very  much  honoured  by  having  been  placed  in 
the  position  I  now  occupy  and  by  having  to  deliver  this 
opening  address  to  the  Dublin  Branch  of  the  Institution 
of  Electrical  Engineers.  I  believe  that  we  are  one  of  the 
first  of  the  branches  that  has  developed  into  the  meeting 
stage  of  our  existence,  and  may  congratulate  ourselves  on 
having  passed  through  our  larval  transformations  safely 
and  rapidly  and  on  our  having  been  the  first  to  emerge 
into  an  imago. 

The  action  of  the  parent  Institution  in  founding  these 
local  branches  is  worthy  of  our  grateful  commendation. 
We  are  left  perfectly  free  to  develop  our  own  life  un- 
trammelled by  any  rules  except  such  as  we  would  ourselves 
have  necessarily  chosen  to  govern  our  actions.  We  have 
the  great  advantage  of  being  a  branch  of  a  most  distin- 
guished Institution  of  wide  world  reputation,  and  that 
without  paying  any  extra  subscriptioiT.  I  hope  that  we 
will  add  to  the  life  and  work  of  that  Institution,  and  thereby 
promote  both  our  own  interests  and  the  welfare  of  mankind. 
Papers  and  discussions  here  will  be  taken  as  delivered  to 
the  Institution  of  Electrical  Engineers,  and,  if  of  sufficient 
merit,  will  be  published  in  its  Proceedings,  thus  securing 
to  us  a  wide  world  publication,  while  at  the  same  time 
ensuring  that  Ireland  is  credited  with  the  work  done.  Why, 
for  example,  should  the  long-expected  account  of  the 
pioneer  electric  railway  at  the  Giant's  Causeway  be  sent  to 
London  to  be  read  and  discussed  :  it  can  now  come  here, 
to  Ireland,  where  the  work  was  done,  we  can  discuss  its 
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lessons,  and  if  we  perform  our  duties  well  the  account  of 
this  great  Irish  work  will  be  sent  all  over  the  world  by  our 
powerful  parent  Society. 

It  is  one  of  the  banes  of  scientific  publication  that  there 
are  so  many  different  scientific  publications.  One  must 
look  here,  there,  and  everywhere  for  what  has  been 
published.  We  are  not  going  to  add  to  this  most  serious 
and  growing  evil.  By  the  patriotism  of  the  parent  Institu- 
tion we  need  not  start  a  local  publication  in  order  to  secure 
credit  for  Irish  work,  done  here,  read  here,  discussed  here. 
We  can  get  all  this  credit  and  secure  the  advantage  of  local 
interest  and  at  the  same  time  avoid  adding  to  a  serious  and 
growing  evil.  Thus  this  action  of  the  Institution  will  be 
"...  twice  blessed,  blessing  him  that  gives  and  him  that 
takes." 

The  history  of  electricity  in  the  nineteenth  century  is 
far  too  large  a  subject  for  an  occasion  like  the  present  one, 
but  certain  aspects  of  this  history  convey  valuable  lessons 
for  the  future  and  may  well  engage  our  attention  in  this 
the  last  year  of  the  century  and  may  help  us  to  lay  the 
foundations  for  further  advance  in  the  next.  The  aspect 
of  the  history  of  electricity  during  the  nineteenth  century 
to  which  I  desire  to  direct  your  attention  is  as  an  object 
lesson  of  how  to  apply  science  to  further  the  well-being 
of  mankind.  The  history  of  any  applied  science  might 
be  considered  in  this  aspect,  but  the  history  of  applied 
electricity  is  particularly  appropriate  for  being  thus  con- 
sidered, for  several  reasons.  The  history  is  condensed 
within  a  few  years,  the  discoveries  of  science  have  followed 
one  another  with  extraordinary  rapidity,  and  within  a  few 
years  after  the  discoveries  were  made  they  have  been 
applied  to  the  use  of  man.  It  is  just  a  hundred  years 
since  Volta  discovered  how  to  make  continuous  electric 
currents.  Within  a  few  years  of  that  discovery  their 
chemical  actions  were  discovered  and  electric  lights  pro- 
duced, both  arc  and  incandescent.  Twenty  years  after- 
wards the  magnetic  effect  of  an  electric  current  was 
discovered  by  CErsted,  its  mathematical  theory  evolved  by 
Ampfere,  and  the  law  of  its  intensity  worked  out  by  Ohm. 
Some  fifteen  years  afterwards  Faraday  discovered  how  to 
produce  electric  currents  by  magnetism.  Immediately  after 
the  discovery  of  the  principle  of  the  conservation  of  energy 
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it  was  applied  to  electro-magnetism,  and  the  foundation  of 
our  whole  system  of  electro-magnetic  measurement  was  laid. 
Faraday's  belief  in  the  correlation  of  electricity  and  light, 
following  lines  suggested  by  Lord  Kelvin,  was  forged  into 
a  consistent  theory  by  Clerk  Maxwell  and  this  theory  con- 
firmed experimentally  by  Hertz.  Such,  in  brief,  is  the 
scientific  history  of  electro-magnetism  during  the  expiring 
century,  and  on  this  science  practically  all  the  applications 
of  electricity  depend. 

I  may  pause  for  an  instant  to  consider  where  this  theory 
now  lands  us.  The  all-pervading  ether  has  been  realised  as 
the  means  of  transmitting  light,  electricity  and  magnetism, 
and  we  are  looking  forward  to  its  properties  explaining 
chemical  actions  and  gravitation.  We  are  still  looking  for 
a  theory  of  its  structure  which  will  give  a  dynamical 
explanation  of  its  properties.  We  know  how  to  express 
these  properties  by  quantities  we  call  electric  and  magnetic 
force,  whose  laws  we  know,  but  whose  laws  we  are,  as  yet, 
unable  to  explain  by  any  structure  working  on  dynamical 
principles.  So  far  as  we  know,  the  properties  of  electric 
and  riiagnetic  force  are  explicable  upon  dynamical  principles ; 
so  far  there  is  no  known  necessity  for  seeking  for  adynamical 
properties  in  the  ether ;  so  far  we  may  hope  to  explain 
electro-magnetism  upon  the  dynamical  principles  of  New- 
ton's laws  without  invoking  any  other  principles  than  those 
of  force  and  inertia,  as  expounded  in  these  laws.  Until, 
however,  a  satisfactory  theory  of  the  nature  of  the  ether 
has  been  actually  invented,  there  will  remain  some  doubt 
as  to  the  adequacy  of  these  fundamental  dynamical  laws 
to  explain  all  its  properties.  The  direction  in  which  it  is 
most  probable  that  an  explanation  will  be  found  is  in  the 
hypothesis  that  the  ether  is  of  the  nature  of  a  perfect 
liquid  full  of  the  most  energetic  motion.  We  know  that 
a  gas  consists  of  separate  molecules  in  intensely  energetic 
irregular  motion.  I  expect  that  the  ether  is  a  perfect  liquid 
in  intensely  energetic  irregular  motion :  much  more  rapid 
than  that  of  any  gas :  with  a  rapidity  of  internal  motion 
comparable  with  tihe  speed  of  light :  maybe  with  enough 
energy  in  each  cubic  centimeter  to  keep  hundreds  of  horse- 
power going  for  a  year,  if  only  we  could  get  at  it.  So  far 
as  this  hypothesis  has  been  worked  at  there  seems  nothing 
impossible  about  it,  but,  on  the  contrary,  much  possibility 
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in  it,  and,  to  my  mind,  its  inherent  simplicity  confers  on 
it  a  great  probability. 

Be  that  as  it  may,  we  now  know  that  in  the  electric 
lighting  of  our  cities,  in  electric  tramways  and  railways, 
in  electric  furnaces  and  electrolytic  vats,  and  in  the  other 
innumerable  applications  of  electricity,  we  are  harnessing 
the  all -pervading  ether  to  the  chariot  of  human  progress 
and  using  the  thunderbolt  of  Jove  to  advance  the  material 
welfare  of  mankind. 

Having  thus  shortly  considered  the  progress  of  electrical 
science,  the  history  of  the  applications  of  electricity  may 
be  thus  summarised.  Shortly  after  CErsted  discovered  the 
magnetic  effect  of  an  electric  current  this  discovery  was 
applied  to  telegraphy,  and  Faraday's  discovery  of  how  to 
generate  electric  currents  by  magnetism  was  almost  im- 
mediately applied  to  the  same  use.  Telegraphy  developed 
rapidly,  and  many  subsequent  discoveries  were  due  to  the 
observations  made  in  the  practical  application  of  electricity 
to  telegraphy.  This  has  been  developing  ever  since, 
accumulating  knowledge  and  applying  the  accumulations 
to  produce  more  knowledge  and  more  applications,  till  all 
this  has  resulted  in  the  perfection  of  the  multiplex  telegraph 
and  the  wonders  of  the  telephone  and  wireless  telegraphy. 
No  other  department  of  applied  electricity  has  had  such 
a  continuous  development,  hardly  any  interval  elapsing 
between  discovery  and  application  in  its  case,  while  in 
almost  every  other  case  years  have  elapsed  between  dis- 
coveries and  their  application.  It  is  especially  the  object 
of  this  address  to  call  attention  to  the  cause  of  this  and 
to  the  lessons  to  be  learnt  from  it. 

Within  the  first  decade  of  the  century  electrolysis  and 
the  electi'ic  light  were  discovered,  but,  except  on  a  small 
scale  in  electro-plating,  it  was  reserved  for  the  last- quarter 
of  the  century  to  see  their  application  to  the  general  use 
of  mankind.  Before  her  Majesty  began  to  reign,  Faraday 
had  discovered  how  to  generate  electric  currents  by  magnetic 
actions ;  but,  except  to  generate  currents  to  light  a  couple 
of  lighthouses,  no  applications  of  Faraday's  discovery  to 
generate  electric  currents  on  a  large  scale  was  made  till 
Wilde,  Gramme,  and  Siemens  worked  at  it,  more  than 
thirty  years  after  its  discovery.  The  application  of  electric 
currents  to  transmit  power  on  a  small  scale  was  made  in 
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the  electric  telegraph  years  before  any  applications  were 
made  on  a  large  scale.  Except  for  a  few  experiments  by 
Jacobi  and  others,  the  transmission  of  power  by  electric 
currents  on  a  large  scale  is  the  work  of  the  last  twenty — 
one  might  almost  say  of  the  last  ten  years. 

Consider  now  what  are  the  characteristics  of  the 
applications  which  developed  continuously,  and  what  were 
those  of  the  applications  which  lay  dormant  for  years. 
Maybe  we  can  learn  from  this  consideration  how  to  arrange 
that,  in  the  future,  our  discoveries  may  not  lie  for  years 
dormant. 

The  most  noticeable  difference  between  the  applications 
of  electricity  that  developed  and  those  that  lay  dormant  is 
that  those  that  developed  were  useful  on  a  small  scale,  while 
those  that  lay  dormant  were  not  useful  until  developed  on 
a  large  scale.  Electro-plating  and  telegraphy  were  useful 
on  quite  a  small  scale.  Experiments  as  to  their  efficiency 
could  be  conducted  on  the  laboratory  scale  with  quite 
cheap  apparatus,  and  thus  they  were  actually  developed. 

A  recognised  authority,  who  is  fond  of  poking  para- 
doxical fun  at  Professors,  has  recently  stated  that  "the 
progress  of  telegraphy  and  telephony  owes  nothing  to 
the  abstract  scientific  man."  I  do  not  know  exactly  what 
he  means  by  the  abstract  scientific  man,  but  I  do  know 
that  telegraphy  owes  a  great  deal  to  Euclid  and  other  pure 
geometers,  to  the  Greek  and  Arabian  mathematicians  who 
invented  our  scale  of  numeration  and  algebra,  to  Galileo 
and  Newton  who  founded  dynamics,  to  Newton  and  Leib- 
nitz who  invented  the  calculus,  to  Volta  who  discovered 
the  galvanic  cell,  to  CErsted  who  discovered  the  magnetic 
action  of  currents,  to  Ampere  who  found  out  the  laws  of 
their  action,  to  Ohm  who  discovered  the  law  of  the 
resistance  of  wires,  to  Wheatstone,  to  Faraday,  to  Lord 
Kelvin,  to  Clerk  Maxwell,  to  Hertz.  Without  the  dis- 
coveries, inventions  and  theories  of  these  abstract  scientific 
men  telegraphy  as  it  now  is  would  be  impossible.  Maybe 
the  paradoxer  means  by  an  abstract  scientific  man  one 
whose  work  has  not  yet  been  used  in  telegraphy :  in  that 
case  the  statement  is  true,  but  then  it  is  a  platitude.  Perhaps 
he  does  not  consider  that  the  work  of  these  men  conduced 
to  the  progress  of  telegraphy ;  but  then  he  should  maintain 
that    CErsted's   discovery   of    the    magnetic   action    of    an 
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electric  current  was  no  advance  on  the  previous  method 
of  telegraphy  by  irritating  snails.  I  daresay  he  modifies 
Sam  Weller's  idea  and  considers  that  algebra,  geometry, 
mechanics,  sound,  heat,  light,  electro-magnetism,  chemistry, 
come  by  nature,  but  that  we  must  learn  the  "  Morse  code." 

He  goes  on,  however,  to  say  that  "the  fundamental 
principles  and  natural  facts  that  underlie  the  practice  of 
electrical  engineering  are  the  teachings  of  actual  experi- 
ence, and  not  the  results  of  laboratory  research  or  pro- 
fessorial teaching."  I  pass  over  the  .implication  that 
laboratory  research  is  not  actual  experience  and  that 
professorial  teaching  is  not  founded  on  actual  experience. 
I  see  that  he  must  be  in  great  difficulties  in  drawing  the 
distinction  he  implies  between  experience  in  and  out  of 
laboratories.  The  difficulty  he  is  in  is  quite  natural,  because 
there  is  no  such  difference.  It  seems  to  me  impossible  to 
understand  how  anybody  who  has  not  a  bee  in  his  bonnet 
and  who  knows  anything  of  the  history  of  telegraphy  can 
make  the  extraordinary  statement  I  have  quoted.  One 
would  have  imagined,  apart  from  this  authoritative  state- 
ment, that  "the  fundamental  principles  and  natural  facts" 
underlying  the  practice  of  electrical  engineering  were  the 
pile  of  Volta,  the  electrolysis  of  Davy  and  Faraday,  the 
magnetic  force  of  CErsted,  the  laws  of  Ampfere,  Fara- 
day's magnetic  induction,  the  conservation  of  energy  of 
Joule  and  Helmholtz,  Kelvin's  theory  of  cables,  Ewing's 
hysteresis,  Clerk  Maxwell's  theory  of  electro-magnetism, 
Hertz's  electro-magnetic  waves,  Branly's  coherer.  Every 
one  of  these  is  essential  to  some  part  of  modern  electrical 
engineering,  and  every  one  of  them  was  the  result  of  mere 
"laboratory  research"  and  "professorial  teaching."  The 
quoted  statement  is  one  of  the  most  absurd  paradoxes 
ever  propounded. 

I  am  delighted,  however,  to  see  that  Sir  William  Preece 
emphatically  states  that  "  the  engineer  must  be  a  scientific 
man."  That  really  concedes  all  that  has  ever  been  in 
dispute  between  scientific  men  and  engineers.  Of  course 
no  "laboratory  research  or  professorial  teaching"  can 
teach  all  that  an  engineer  should  know.  How  to  deal 
with  a  drunken  workman,  or  a  strike,  or  a  city  corporation, 
or  a  board  of  directors,  these,  for  example,  have  not  yet 
been  reduced   to  such   scientific  principles  that  they  can 
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be  made  the  subjects  of  profitable  "laboratory  research 
or  professorial  teaching.".  These  and  many  other  things 
can  only  be  learnt  by  experience  outside  schools  and 
universities,  and  it  is  one  of  the  important  problems  of 
education  to  decide  where  school  education  should  end 
and  apprenticeship  begin.  I  would,  however,  appeal  to 
all  engineers  not  to  expect  pupils  coming  from  schools 
to  have  been  taught  to  be  immediately  useful.  No  doubt 
this  would  save  their  employer  a  lot  of  trouble,  but  it  would 
prove  that  the  school  had  wasted  the  time  of  its  pupils  in 
teaching  them  what  they  should  learn  in  the  office. 

We  have,  then,  seen  that  electro-plating  and  telegraphy 
were  capable  of  development  on  a  small  scale  and  were 
consequently  largely  developed  by  laboratory  research. 

The  development  of  dynamos  from  Faraday's  discovery 
required  expensive  experiments,  and  to  test  their  efficiency 
on  a  large  scale  required  very  expensive  experiments  indeed. 
It  was  not  possible  to  conduct  experiments,  that  would 
be  of  much  practical  use,  on  the  small  scale  on  which 
laboratory  experiments  have  to  be  conducted  on  account  of 
the  miserable  pittance  that  is  at  the  command  of  scientific 
laboratories.  The  only  opportunity  of  conducting  experi- 
ments on  a  large  scale  is  when  an  inventor  can  control 
capital,  as,  for  example,  if  he  is  himself  in  the  position 
of  an  engineer  to  some  wealthy  body  whose  money  he 
can  employ  on  experiments.  Jacobi  and  others  spent  a 
good  deal  of  money,  no  doubt,  on  experiments  in  power 
distribution  by  electro-magnetic  engines,  but  their  expendi- 
ture, though  quite  considerable  as  compared  with  the 
usual  run  of  laboratoiy  experiments,  was  as  nothing  com- 
pared with  the  enormous  sums  spent  by  the  pioneers  of 
modern  electro-magnetic  machinery  on  their  experiments. 

What  we  have  found,  then,  is  that  development  depended 
on  whether  or  no  people  experimented  energetically  upon 
how  to  render  each  discovery  of  practical  utility;  where 
experimenting  was  energetic,  development  was  rapid  ;  where 
experimenting  was  not  energetic,  development  was  slow. 
We  have  further  found  that  the  energy  of  experimenting 
depended  on  the  money  available  ;  where  little  money  was 
required  development  was  rapid,  but  it  was  slow  where 
large  sums  of  money  were  required  in  order  to  perform 
valuable  experiments. 
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We  may  further  inquire  how  it  happened  that  money 
and  time  became  available  for  costly  experiments.  Money 
is  available  for  laboratory  experiments  by  the  beneficence 
of  private  and  public  endowment,  and  time  is  available  by 
the  devotion  of  scientific  men  to  the  advancement  of  natural 
knowledge.  These  have  been  available  because  some  few 
men  have  had  faith  in  the  desirability  of  knowledge  both 
for  its  own  sake  and  for  the  material  and  moral  advantage 
of  mankind.  Money  has  been  available  in  England  on  a 
large  scale  in  the  past  because  of  the  enthusiastic  faith  of 
some  very  few  men  in  the  possibilities  of  scientific  dis- 
coveries. One  of  the  most  remarkable  instances  of  this 
faith  was  in  the  case  of  the  great  experiment  of  laying  the 
Atlantic  cable.  A  few  men  with  strong  faith  impressed 
their  belief  on  a  few  capitalists,  and  after  years  of  most 
expensive  experimental  work  they  at  last  brought  their  great 
undertaking  to  a  successful  issue ;  the  general  body  of 
capitalists  meanwhile  looking  on  with  amused  incredulity. 
The  development  of  the  dynamo  depended  similarly  upon 
the  strong  faith  of  individuals  who  spent  immense  sums  of 
money  and  much  time  and  energy  on  the  subject  because 
they  had  faith  in  its  possibilities.  It  is  remarkable  how 
many  of  the  developments  of  scientific  discoveries  of  the 
latter  years  of  the  century  have  been  due  to  foreigners  or 
firms  with  foreign  leaders,  such  as  Siemens  Brothers.  This 
has  been  largely  due  to  the  fact  that  foreigners  are  far  in 
advance  of  us  over  here  in  their  faith  in  the  possibility  of 
using  scientific  discoveries.  The  rapid  advance  of  the 
applications  of  science  in  the  last  quarter  of  this  century 
has  been  very  largely  due  to  the  growth  of  this  faith.  It 
has  grown  to  a  strong  conviction  in  the  ordinary  public  of 
America  and  the  Continent,  and  is  growing  daily  stronger 
over  here,  but  is  still  far  weaker  here  than  in  other  parts  of 
the  civilised  world.  The  result  of  this  has  been  that  while 
the  germs  of  many  of  the  greatest  inventions  have  been 
made  within  the  British  Isles,  we  have  not  been  pioneers  in 
any  great  advance  in  the  applications  of  electricity  since  the 
development  of  submarine  telegraphy.  Possibly  another 
cause  has  been  our  obstinate  retention  of  our  abominable 
series — one  cannot  call  it  system — of  weights  and  measures. 
It  is  with  great  hopefulness  that  I  see  public  opinion 
gradually  growing  in  favour  of  the  metric  system.  It  is 
voii.  xxix.  27 
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lamentable  how  the  uninstructed  prejudice  of  the  man  in 
the  street  influences  progress.  Here  is  a  reform  advocated 
by  a  large  number  of  manufacturers  and  distributors,  by 
chambers  of  commerce,  and  by  almost  everybody  who  has 
seriously  studied  the  question,  and  yet  it  is  delayed,  not 
because  the  leaders  of  the  State  have  any  doubt  as  to  its 
desirability,  but  merely  because  they  do  not  think  the  public 
sufficiently  intelligent  for  its  introduction  to  be  popular. 
Thus  do  we  all  suffer  for  the  sins  and  ignorances  of  one 
another.  It  is  a  matter  in  which  we  in  Ireland  are  particu- 
larly interested.  I  feel  sure  that  under  Continental  guidance 
Ireland  would  long  ago  have  adopted  the  reform,  only  that 
the  obstinate  conservatism  of  Britain  has  forced  us  to  use 
its  horrible  series  of  weights  and  measures.  If  only  our 
Irish  members  would  push  forward  this  reform  they  would 
do  some  good  by  saving  a  year's  school  life  for  each  child 
and  facilitating  computations  in  every  department  of  life  ; 
it  would  be  worth  much  more  than  the  millions  they  say 
Britain  is  robbing  us  of.  Owing  to  these  amongst  other  things 
we  have  not  been  pioneers.  No  doubt  there  are  some 
advantages  in  not  being  pioneers  ;  we  are  saved  the  expense 
of  preliminary  experiments,  and  can  often  enjoy  learning 
by  the  mistakes  of  others.  On  the  other  hand,  we  lose  such 
industries  as  electric  tramway  construction  and  polyphase 
transmission  of  power,  and  can  never  expect  to  be  in  the 
forefront  of  progress  ;  a  decided  misfortune  when  it  comes 
to  fighting  against  Creusot  guns. 

How  does  it  happen  that  one  of  the  foremost  countries 
in  advancing  science  has  been  one  of  the  last  to  appreciate 
the  possibilities  of  applied  science  ?  This  has  been  due 
partly,  no  doubt,  to  our  great  success  as  manufacturers  and 
as  mere  mechanical  inventors.  No  doubt  Watt  was  a  truly 
scientific  inventor,  and  even  mere  mechanical  inventors  are 
appliers  of  scientific  knowledge  that  was  discovered,  in  the 
most  part,  by  scientific  men  centuries  ago ;  but  most  of  our 
success  as  manufacturers  has  been  due  to  mechanical  inven- 
tions and  to  our  well-trained  and  expert  artisans,  and  not  to 
the  useful  application  of  recent  scientific  discoveries.  This 
great  success,  and  the  absence  of  scientific  training  in  our 
schools  and  the  want  of  contact  between  manufacturing 
and  scientific  society  have  all  contributed  to  prevent  a  due 
appreciation  of  the  value  of  scientific  discovery  and  experi^ 
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ment  as  a  means  of  advancing  the  material  wealth  of  society. 
The  very  word  "  science  "  has  contributed  to  the  mistake. 
As  has  been  recently  pointed  out  to  me  by  Dr.  Trouton,  it 
would  be  impossible  to  say  the  same  contemptuous  things 
of  "  knowledge  "  as  are  said  of  "  science."  In  Germany  the 
word  used,  "  Wissenschaft,"  is  the  one  corresponding  to  our 
word  "  knowledge/'  and  there  nobody  of  any  sense  could 
say  that  "  knowledge  is  all  humbug,"  as  is  here  often  said, 
and  still  oftener  thought,  of  "  science." 

How  otherwise  can  one  explain  an  eminent  authority's 
recent  paradox  :  "  Many  people  advocate  the  early  teaching 
of  science  ;  I  do  not,"  and  then  he  immediately  goes  on  to 
advocate  the  early  teaching  of  botany,  zoology,  and  physio- 
graphy. He  seems  to  use  the  word  "science  "  for  what  he 
calls  "ill-digested  text-book  science,  illustrated  by  experi- 
ments which  generally  fail."  I  don't  suppose  anybody 
advocates  the  teaching  of  this  "science"  even  late  in  a 
boy's  education.  I  am  afraid  he  is  trying  to  earn  a  cheap 
popularity  with  the  uninstructed  "laudator  temporis  acti " 
by  sneering  at  the  early  teaching  of  science  and  by  an 
absurd  misuse  of  the  term  that  would  not  have  misled  his 
most  ignorant  hearer  if  he  had  used  the  word  "  knowledge." 

We  are,  however,  I  confidently  believe,  already  entered 
upon  a  more  reasonable  era.  In  England,  even  wireless 
telegraphy,  the  child  of  one  of  the  most  recent  discoveries 
of  science,  has  received  sufficient  recognition  for  very 
expensive  experiments  to  be  carried  out  with  most  valuable 
results,  notwithstanding  the  cold  shoulder  given  to  the 
invention  by  Government  departments  and  the  fear  it  has 
inspired  that  it  may  be  in  the  hands  of  the  company  pro- 
motor.  Its  history  is  most  interesting  as  showing  how 
much  in  an  invention  depends  on  the  push  and  energy  as 
well  as  upon  the  ingenuity  of  an  inventor.  In  this  connec- 
tion I  would  strongly  endorse  the  complaint  of  the  President 
of  the  Institution  of  Electrical  Engineers  in  his  opening 
address,  namely,  that  capitalists  are  unwilling  to  advance 
money  to  try  experiments  on  a  sufficiently  large  scale  to  be 
of  service  in  deciding  their  value  on  a  very  large  scale.  A 
company  can  be  promoted  with  a  capital  of  ;^ioo,ooo  for 
almost  any  conceivable  object,  but  it  is  quite  hard  to  get 
;^io,ooo  or  ;f  20,000  to  try  experiments.  I  look  forward  to 
the  time  when  eager  capitalists  and  energetic  Government 
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departments  will  importune  inventors  to  be  allowed  to  work 
out  their  discoveries,  instead  of  requiring  to  be  solicited  and 
ballyragged  by  the  inventor  into  an  unwilling  permission  to 
try  them.  A  few  failures  now  and  then,  a  few  cases  of 
being  taken  in  by  fraudulent  or  over-zealous  inventors,  and 
our  wavering  faith  in  science  collapses.  How  many  failures 
are  there  in  the  iron  trade  !  how  many  are  taken  in  by 
specious  company  promoters  1  And  yet  the  capitalist  has 
faith  in  the  "iron  business"  and  in  "limited  liability 
companies."  Would  that  our  faith  in  science  were  equally 
strong  !  We  might  then  hope  that  laboratories  would  be 
reasonably  endowed  with  men  and  means  to  carry  out 
experiments  on  a  sufficient  scale  to  be  of  use  in  testing 
their  practicability  and  improving  the  methods  of  new 
inventions.  I  am  delighted  to  see  that  Sir  William  Preece 
expects  laboratories  to  carry  on  all  the  researches  engi- 
neers may  require.  That  is  quite  as  it  should  be,  but 
such  laboratories  must  be  very  highly  endowed.  A  physical 
laboratory  that  spends  a  couple  of  hundred  a  year  on 
materials,  instruments,  and  so  forth,  considers  itself  fairly 
well  off.  I  wish  I  had  anything  approaching  this  to  spend 
in  Trinity  College,  Dublin.  When  will  poor  T.C.D.  get 
credit  for  wanting  to  do  more,  very  much  more,  than  its 
very  limited  and  precarious  income  permits  ?  When  can 
we  expect  the  country  or  generous  benefactors  to  learn 
that  science  on  a  large  scale  is  at  the  basis  of  the  material 
prosperity  of  the  country,  and  that  science  on  a  large  scale 
is  very  expensive.  But  what  use  is  ;^2oo  a  year  in  making 
experiments  on  a  commercial  scale  ?  Ten  thousand  a  year 
would  be  more  like  the  figure  required  ;  and  ;4io>ooo  21 
year  could  be  most  profitably  spent  on  experimental  work 
here  in  Ireland,  on  the  one  subject  of  utilising  our  bogs. 
It  is  most  probable  that  the  energy  of  their  combustion 
could  be  transmitted  to  our  towns  to  provide  them  with 
light  and  power ;  but  the  preliminary  experiments  are  far 
beyond  the  capabilities  of  a  scientific  laboratory,  and  though 
success  is  very  probable,  it  cannot  be  so  certainly  promised 
as  to  justify  one  in  enlisting  the  assistance  of  capitalists  who 
would  consider  themselves  very  badly  treated  if  failure  was 
ultimately  discovered  to  be  inevitable.  If  the  capitalists 
were  decently  educated  and  could  themselves  appreciate  the 
scientific  situation,  it   might   be   allowable  to   enlist  their 
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assistance  as  they  might  be  considered  to  be  going  into  a 
speculation  with  their  eyes  open.  In  the  present  state  of 
the  education  of  capitalists  in  this  country  they  must  depend 
entirely  on  the  judgment  of  scientific  experts,  who  cannot 
be  expected  to  fully  appreciate  the  business  side  of  the 
subject.  Then  there  are  the  questions  of  three-wire  tram- 
ways, leaky  telegraph  lines,  submarine  relays,  sun  engines, 
of  flying  machines  which  Lord  Rayleigh  considers  can  be 
constructed  if  money  enough  were  forthcoming,  and  of 
vacuum  tubes  as  a  means  of  illumination,  and  of  numberless 
other  matters  already  ripe  for  application,  to  say  nothing  of 
the  innumerable  scientific  discoveries  that  have  not  yet  been 
even  suggested  as  having  practical  apphcations. 

Besides  these  industrial  laboratories,  all  our  Government 
departments,  such  as  the  army  and  navy,  should  have  large 
experimental  organisations  where  any  invention  that 
promised  success  would  be  developed  and  seriously  tried. 
The  decision  of  what  to  try  should  not  be  left  to  mere 
officials,  however  distinguished,  but  should  be  referred  to 
independent  scientific  advisers — persons  who  were  not 
trammelled  by  official  traditions,  but  were  in  touch  with 
scientific  advance  and  enthusiastic  believers  in  it.  If  the 
country  spent  a  couple  of  millions  per  annum  on  experi- 
mental work  of  this  kind  it  would  bear  much  fruit,  and  we 
should  not  find  ourselves  out-shot  by  semi-barbarous  farmers. 
Hope  is  the  great  incentive  to  exertion.  Without  it  a 
nation  is  dead.  Without  it  we  lose  all  belief  in  the  possi- 
bility of  improvement,  and  improvement  at  once  becomes 
impossible.  The  history  of  electrical  engineering,  the 
utilisation  of  the  all-pervading  ether  for  the  service  of  man, 
should  strengthen  our  hope  and  our  belief  in  the  possibility 
of  improvement.  For  has  it  not  revolutionised  society  and 
enabled  high  and  low,  rich  and  poor,  to  lead  better  lives,  by 
making  life  less  hard  and  grimy,  and  thus  improved  the 
well-being  of  man  both  materially  and,  what  is  far  more 
important,  morally  as  well  ? 

Colonel  C.  F.  C.  Beresford,  in  proposing  a  vote  of  thanks  to  Professor  coionei 
Fitzgerald,  said  he  felt  sure  that  the  future  of  this  Section  would  be  so  Beresford. 
prosperous  that,  in  days  to  come,  they  would  look  back  upon  the  first 
meeting  this  evening  as  an  historical  event  closely  associated  with  the 
name  of  the  first  chairman  of  the  section,  Professor  Fitzgerald. 

He  recalled  the  story  of  the  examiner  wlio,  having  received  from  a 
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Dr.  Train. 


candidate  in  reply  to  his  question,  "  What  is  electricity  ? "  the  answer 
"  I  did  know,  but  I  have  forgotten,"  renjarked,  "  How  very  unfortunate 
that  the  only  man  who  ever  knew  what  electricity  is  has  forgotten  ! " 
He  would  not  prophesy  that  the  meetings  of  the  section  would  result 
in  the  discovery  of  what  electricity  is,  but  it  would  be  safe  to  assume 
that  the  discussions  would  contribute  to  the  making  of  further  dis- 
coveries as  to  the  laws  which  govern  its  action,  and  enable  man  to  bind 
it  to  his  service. 

He  remarked  how  at  the  present  time  all  thoughts  naturally  turned 
towards  the  art  of  war,  and  in  no  direction  was  there  a  wider  scope  for  the 
advance  of  electrical  science.  On  it  depended  the  efficiency  of  submarine 
defences,  and  coast  batteries  were  directed  and  worked  by  its  aid.  The 
electric  light  had  many  uses  in  war,  the  latest  development  being  the  use 
of  the  search-light  for  signalling  by  means  of  its  reflections  in  the  clouds, 
thus  enabling  a  beleaguered  garrison  to  communicate  with  the  relieving 
army.  Then  there  were  the  field  telegraphs  and  the  Marconi  apparatus, 
which  latter  was  being  used  in  war  for  the  first  time,  and  was  likely  to 
prove  of  inestimable  value  ;  for  by  its  use  it  might  be  possible  in  future 
campaigns  to  dispense  with  long  trains  of  telegraph  material,  and  the 
necessity  for  erecting,  maintaining,  and  guarding  lines  of  telegraph. 
The  mention  of  these  instances  of  the  application  of  electricity  for  war 
purposes  showed  that  there  was  a  wide  field  for  its  future  study  and 
discussion  in  the  military  as  well  as  in  the  civil  world — and  at  that  very 
time  the  parent  Society  was  sending  out  a  detachment  of  Volunteer  Royal 
Engineers  to  take  part  in  war  in  South  Africa.  It  was  understood  that 
Major  Crompton  was  going  out  himself  in  command,  and  was  taking 
with  him  a  "  galloping  search-light."  This  would  be  a  new  departure  in 
war,  and  one  which  would  have  astonished  our  forefathers  very  con- 
siderably, though  there  is  little  doubt  that  Napoleon  would  have  made 
an  excellent  use  of  it,  had  it  been  invented  in  his  day.  It  may  well  be 
imagined  that  a  number  of  rapidly  moving  search-lights  might  be  used 
with  great  tactical  effect  during  a  night  attack,  to  show  up  the  objective 
and  to  dazzle  the  enemy. 

Prof essor^ Fitzgerald  in  his  address  had  lamented  that  Great  Britain 
was  not  a  pioneer  in  the  useful  application  of  electrical  science.  This 
was  doubtless  true,  but  at  the  same  time  it  must  not  be  forgotten  that 
war  telegraphs  were  an  exception.  They  were  first  used  by  the  British 
forces  in  the  Crimea,  and  since  that  date  the  British  nation  might 
flatter  itself  that  they  have  been  kept  in  advance  of  the  field  telegraphs 
of  Continental  armies. 

Dr.  A.  Traill  said  he  had  much  pleasure  in  seconding  the  vote 
of  thanks  to  Professor  Fitzgerald  for  his  instructive  and  suggestive 
address.  Having  been  called  on  to  make  impromptu  remarks,  he  could 
not  go  into  all  the  matters  touched  upon,  but  would  confine  himself  to 
the  difficulty  pointed  out  by  the  President  of  combining  the  possession 
of  capital  with  the  ability  so  to  use  it  as  to  make  the  application  of 
abstract  principles  commercially  successful.  Generally  speaking,  in 
England  capitalists  could  be  found  who  would  back  up  the  experiments 
of  scientific  men  in  whose  ability  they  had  confidence,  but  such  a 
phenomenon  was  rare  indeed  in  Ireland.     Professor  Aryton  once  told 
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him  that  there  are  often  persons  in  England,  not  of  much  scientific  Dr.  Tnuu. 
ability,  who  think  they  have  hit  oflF  some  wonderful  discovery,  with 
which  they  are  anxious  to  have  their  names  associated,  so  as  to  become 
famous  to  posterity.  They  would  come  and  say  **  there  are  j£5,ooo  for 
you  to  experiment  with,  and  bring  my  theories  to  a  success  in  practice.** 
Was  it  not  a  pity  that  such  capitahsts  did  not  come  and  offer  their 
money  to  carry  out  experiments  evolved  from  their  inner  consciousness 
by  such  skilled  persons  as  Professor  Fitzgerald,  and  drop  their  own 
absurd  ideas  ?  On  the  other  hand,  reference  might  be  made  to  two 
remarkable  examples  of  men  beginning  without  any  capital,  and  by  the 
extraordinary  power  of  their  intellects  so  impressing  the  public  with 
confidence  in  their  experiments  as  to  succeed  in  amassing  large  wealth 
for  themselves  in  the  end.  The  first  example  was  Sir  William  Siemens, 
— who,  in  an  address  to  a  Mechanics*  Institute  at  Birmingham,  many 
years  ago,  related  how  he  and  his  brother,  Werner  Siemens,  arrived,  as 
young  men,  in  London  from  Germany,  having  discovered  the  art  of 
electro-plating.  They  could  scarcely  speak  a  word  of  EngUsh  and  were 
looking  about  everywhere  for  the  Patent  Office,  where  they  might 
secure  their  discovery  before  making  it  known  to  the  public.  They 
had  some  £2  in  their  pockets.  As  they  wandered  through  the  streets 
they  saw  over  a  door  in  large  letters,  "  Poole,  undertaker."  They  felt 
certain  that  they  had  discovered  the  right  place ;  they  went  in  and 
commenced,  in  broken  English,  explaining  their  discovery,  and  asking 
to  have  it  patented*  The  head  of  the  place  listened  to  them  in  con- 
fusion and  amazement,  and  it  was  some  time  before  he  was  able  to 
make  them  understand  that  they  had  come  prematurely  to  his  establish- 
ment. WTien,  however,  he  had  discovered  the  object  of  their  visit,  he 
sent  them  on  to  Elkington  in  Birmingham,  who  had  himself  made  the 
the  same  discovery  that  year,  but  in  a  very  indifferent  degree,  and  when 
the  brothers  told  him  that  they  could  spread  the  small  amount  of  silver 
in  a  fourpenny-piece  over  the  entire  surface  of  a  large  metal  dish-cover, 
he  offered  them  jf  1,000  for  the  discovery  if  they  could  do  it.  Of  course 
they  succeeded,  and  Sir  William  said  that  ;£i,ooo  was  the  first  bit  of 
capital  they  ever  had.  When  we  remember  that  he  died  leaving 
^£380,000  in  this  countr}',  of  realised  capita],  besides  a  valuable  business 
concern  in  England  and  another  in  Germany,  it  can  easily  be  seen 
what  splendid  results  were  evolved  from  so  small  a  beginning.  He 
was  a  most  remarkable  man,  and  was  one  of  the  original  Directors  of 
the  Portrush  and  Giant's  Causei^'ay  Electric  Railway.  He  had  foretold 
the  wonderful  work  which  could  be  effected  by  the  transmission  of 
mechanical  power  from  the  Falls  of  Niagara  by  means  of  electricity, 
and  it  was  well  known  what  a  stupendous  success  it  had  been  within 
the  few  years  which  had  elapsed  since  his  great  idea  had  been  reduced 
to  practice,  under  the  guidance  of  a  noble  band  of  scientific  men, 
amongst  whom  Lord  Kelvin  stood  pre-eminent.  The  speaker  and  his 
brother  had  brought  Sir  William  over  to  co.  Antrim  in  1880,  and  when 
he  stood  on  the  falls  of  the  River  Bush  he  clapped  his  hands  and  said, 
"  Since  1  stood  at  the  Falls  of  Niagara,  I  have  not  seen  so  suitable  a 
spot  as  this  on  which  to  try  the  application  of  u-ater-power  to  electric 
•  locomotion.' "    That  was  the  origin  of  the  Portrush  Electric  Railway 


Digitized  by  LjOOQ  IC 


406 


FITZGERALD:   INAUGURAL  ADDRESS. 


Dr.  Traill. 


Professor 
Fitzgerald 


and  Tramway,  by  many  years  the  first  in  the  world  that  was  not  a  mere 
experimental  toy.  Unfortunately  Sir  William  Siemens  met  an  untimely 
end  by  a  fall  in  the  street  in  London,  and  there  had  been  great  financial 
difficulty  in  completing  that  line  for  some  ;£45,ooo,  as  his  firm  not  only 
refused  to  carry  out  his  wishes  and  plans,  but  sent  in  a  large  bill  for  all 
the  electric  apparatus  which  had  been  used  up  in  the  many  unsuccess- 
ful experiments  carried  out  before  ultimate  success  was  attained. 
There  was,  however,  another  great  man.  Lord  Kelvin,  then  Sir  William 
Thomson,  on  the  original  Board  of  Directors,  who  furnished  the 
speaker's  second  example  of  the  creation  of  capital  by  the  extraordinary 
commercial  success  of  his  discoveries  in  their  practical  applicatioa 
Lord  Kelvin  was  one  of  two  remarkable  brothers,  but  there  had  been 
this  great  difference  between  them — ^James  Thomson,  Professor  of 
Engineering  in  Glasgow  University,  was  a  man  of  remarkable  ability 
in  his  own  profession,  but  he  had  never  hit  off  the  commercial  aspect 
of  great  scientific  discoveries,  like  his  brother  William.  The  great 
tribute  paid  to  the  eminence  of  Lord  Kelvin  three  years  ago,  when  his 
Jubilee  was  celebrated  in  Glasgow,  is  known  to  all.  His  discoveries 
had  added  more  to  human  progress  probably  than  those  of  any  other 
man  in  the  nineteenth  century.  Thousands  of  lives  and  millions'  worth 
of  property  had  been  saved  by  his  "  mariners'  compass  "  alone,  and  it 
was  sufficient  to  mention  the  "  Atlantic  cable  *'  to  sum  up  all  that  the 
speaker  was  contending  for.  Rightly  and  deservedly,  he  had  reaped  a 
rich  reward  financially  as  well  as  scientifically,  for  his  great  discoveries. 
The  history  of  the  lives  and  work  of  these  two  great  men  proves  con- 
clusively that  Professor  Fitzgerald  is  perfectly  correct  in  his  criticisms 
on  statements  which  have  been  made  in  comparing  the  man  of  abstrac- 
tion with  the  man  of  action.  In  conclusion,  he  had  only  to  add  (though  he 
said  it  in  his  presence),  that  Professor  Fitzgerald  was  a  man  of  the  same 
stamp  of  mind  as  that  of  these  two  men.  Lord  Kelvin  had  himself  told 
the  speaker  that  he  considered  Professor  Fitzgerald  one  of  the  first 
men  of  the  day  in  that  line  of  investigation  to  which  he  has  devoted  his 
life,  and  he  only  wished  that  he  was  a  capitalist  as  well,  as  he  knew  that 
he  would  spend  his  wealth  liberally  in  the  great  cause  of  science. 

Professor  Fitzgerald  said,  in  reply,  that  he  was  most  anxious  to  do 
good  to  his  own  age  and  generation  :  that  he  would  rather  be  of  use  to 
them  than  be  known  a  thousand  years  hence  as  the  discoverer  of  some- 
thing which  had  remained  useless  for  a  thousand  years.  He  did  not  at 
all  despise  money,  as  he  considered  it  a  generally  fair  measure  of  the 
usefulness  of  work.  He  concluded  by  thanking  them  for  the  way  in 
which  they  had  received  his  address,  and  hoped  the  branch  would  have 
a  brilliant  career  of  usefulness. 
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A  TWO-PHASE  ROTARY  CONVERTER  AND  A 
NOTE  ON  THE  REGULATION  OF  ROTARY 
CONVERTERS. 

By  Ernest  Wilson,  Member. 

(Paper  received  January  9,  1900.) 

In  a  previous  communication'  experiments  were 
described  in  connection  with  a  Dynamo  Electric  Machine 
run  as  a  single-  and  two-phase  Rotary  Converter.  One 
object  of  the  present  communication  is  to  examine  more 
closely  the  armature  reaction  in  the  same  machine  when 
used  to  transform  from  two-phase  alternate  currents  to 
direct  currents.  Other  matters  are  also  dealt  with,  and  a 
note  is  given  on  the  regulation  of  rotary  converters. 

In  the  previous  experiments  the  two-phase  alternate 
currents  were  supplied  by  two  alternate-current  machines, 
their  axles  being  rigidly  coupled  together  with  the  armatures 
900  apart  in  phase.  In  the  present  experiments  the  two- 
phase  currents  are  supplied  by  a  machine  similar  to  the 
rotary  converter.*  The  armatures  are  each  fitted  with  four 
slip  rings  making  contact  with  the  commutator  at  0°,  90°, 
1800,  and  2700.  The  characteristic  curve  for  each  of  these 
machines  is  given  in  Fig.  i,  and  each  machine  is  intended 
to  deliver  80  amperes  140  volts  at  880  revolutions  per  minute 
as  a  shunt  wound  generator. 

Descriptive  Matter. 

Fig.  2  is  a  diagram  of  connections  showing  how  the 
converter  C  was  connected  to  the  generator  G.  The  load  on 
the  converter  was  adjusted  by  a  non-inductive  resistance  R, 
which  was  accurately  determined  at  the  time  of  the  test. 
B  is  a  Weston  voltmeter.  E  is  a  Kelvin  balance.  The 
resistances  r^  r^  r^  re  are  non-inductive.     Q  is  a  Kelvin 

*  See  journal  Inst,  Elec.  Eng.y  1899,  vol.  xxviii.,  p.  367. 

*  For  full  description  of  these  machines  see  Proc.  Roy.  Sac.,  vol.  li.,  p.  49  ; 
also  Dynamo  Machinery^  by  Dr.  J.  Hopkinson ;  also  Electrician^  vol.  xxvii., 
p.  609. 
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quadrant  electrometer.  I  and  D  are  revolving  contact- 
makers  fixed  respectively  to  the  axles  of  the  converter  and 
generator.  They  make  contact  once  in  a  revolution  between 
brushes  5, 6  and  11, 12.  The  brushes  5, 6  are  rigidly  fixed  at 
one  point  of  a  revolution.  The  brushes  11,  12  are  fixed  to  an 
ebonite  holder  capable  of  being  moved  to  different  positions 
round  a  circle  divided  into  60  equal  parts.  When  turned  in 
the  direction  of  rotation,  the  pointer  passes  over  the  divisions 
in  the  order  60,  59,  58,  etc.     K  is  a  condenser  of  i  micro- 
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farad  capacity.  When  observing  the  potential  difference  at 
any  moment  between  the  rings  i  and  3,  the  two-way  switch 
S  was  set  to  connect  the  junction  of  Vj  r^,  two  considerable 
non-inductive  resistances,  to  one  pole  of  the  electrometer 
reversing-switch  L.  The  contact-maker  D  was  then  set  to 
different  positions,  and  at  each  the  double  deflection 
observed.  When  observing  the  current  in  the  brush  con- 
nected to  ring  I,  the  switch  S  was  set  to  connect  one  pole 
of  L  to  the  terminal  of  r^.  The  deflection  of  Q  is  propor- 
tional to  the  current  at  the  moment  when  D  severs  contact 
between  brushes  11,  12.  Similarly  the  curve  of  current 
can  be  obtained  by  observing   the   variation  of    potential 
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difference  across  r^.  The  other  phase  (rings  2  and  4)  can 
be  dealt  with  as  just  described  by  suitably  changing  the 
connections. 

When  observing  the  mechanical  displacement  between 
the  armatures  C  and  G  at  one  part  of  a  revolution,  the 
contact-makers  I  and  D  were  placed  in  series  with  one 
another  and  in  the  circuit  of  a  battery  and  galvanometer. 
When  the  armatures  of  C  and  G  were  similarly  placed  with 
regard  to  the  pole-pieces,  and  when  the  contact-makers  I  and 
D  made  simultaneous  contact,  the  reading  on  D  was  29. 
When  in  motion  it  was  therefore  only  necessary  to  move  the 
brushes  11,  12  to  such  a  position  that  the  contact-makers 


?^p^ 


Q 

Fig.  2. 


again  made  simultaneous  contact  to  find  the  displacement 
required.  If  the  angular  velocity  of  each  armature  was 
constant,  then  by  suitably  placing  the  brushes  on  D,  a  steady 
deflection  on  the  galvanometer  would  be  observed,  provided 
the  periodic  time  of  the  needle  is  great.  If,  however,  one 
armature  is  accelerated  relatively  to  the  other,  the  change  is 
at  once  marked  by  the  spot  of  light  momentarily  swinging 
back  towards  zero.  A  D'Arsonval  galvanometer  was  used, 
and  its  damping  was  such  that  the  rate  at  which  simultan- 
eous contact  between  I  and  D  was  made  could  be  counted 
in  certain  cases. 

Effect  of  Engine  and  Belt  upon  Angular  Velocity. 

For  the  purpose  of  these  experiments  it  was  desirable 
that  the  angular  velocity  of  the  converter  armature  should 
not  vary.     The  generator  was  driven,  to  begin  with,  by  a 
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leather  belt  with  laced  joint.  The  effect  of  this  joint  was 
very  marked  when  the  generator  and  converter  were  excited 
with  weak  fields — that  is  to  say,  the  frequency  with  which  the 
joint  in  the  belt  struck  the  pulley  of  the  generator  coincided 
with  the  beats  of  the  D'Arsonval  galvanometer  above  men- 
tioned. The  amplitude  of  the  superposed  oscillations  was 
determined  by  moving  D  until  the  galvanometer  just  showed 
a  deflection.  The  results  of  some  of  the  tests  are  set  forth 
in  Table  I.,  from  which  it  will  be  seen  that  the  amplitude 
with  weak  fields  varied  from  18°  to  14°  (that  is  9°  and  7°  on 
each  side  of  the  mean)  as  the  converter  is  loaded.  With 
strong  fields  the  beats  of  the  galvanometer  coincided  with 
the  revolutions  of  the  crank  shaft  of  the  engine,  which  is 
compound,  non-condensing,  with  two  cranks  at  90°.  The 
effect  of  load  is  to  give  a  more  even  turning  moment.  The 
leather  link  belt  proved  more  satisfactory,  as  is  shown  by 
the  experiments  in  Table  I. 


Torque. 

We  have  now  to  deal  with  experiments  i,  2,  3  (Tables  II. 
and  III.),  in  which  the  leather  link  belt  was  used  to  drive  the 
generator.  To  obtain  a  marked  effect  due  to  armature 
reaction  weak  fields  were  employed.  To  obtain  as  perfect 
symmetry  as  possible  the  total  resistance  of  the  conductors 
between  the  generator  and  converter  were  made  equal,  and 
can  be  considered  free  from  capacity  and  self-induction  so 
far  as  these  experiments  are  concerned.  The  resistances 
^3  ^4  rs  ^6  (Fig.  2)  have  respectively  the  values  '0547,  '0553, 
•0548,  and  '0542  ohms.  The  first  test  for  symmetry  is  to 
compare  the  curves  of  currents  obtained  by  observing  the 
variation  of  potential  difference  between  the  ends  of  r^  and 
r^  respectively  in  the  circuits  to  rings  i  and  3  ;  these  should 
agree  as  regards  amplitude,  wave-form,  and  phase.  Similarly 
with  regard  to  r^  and  re  in  the  circuit  to  rings  2  and  4.  In 
Figs.  4,  5,  6,  the  curves  Ai,  A3  are  each  the  average  of  the 
two  curves  obtained  for  each  circuit,  and  the  deviation  of 
either  curve  from  the  average  is  so  small  as  to  be  hardly 
detected  in  the  diagrams.  The  curves  Vj  and  Va  are  the 
curves  of  potential  difference  between  rings  i  and  3,  and 
rings  2  and  4  respectively.     V  is  the  curve  of  potential 
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difference  between  the  main  brushes  7  and  8.  The  phase- 
differences  between  Vi,  Ai  and  Vj,  Aa  are  the  same  in  one 
experiment,  and  the  phases  are  90°  apart. 

In  the  previous  paper  curves  were  obtained  by  observing 
the  average  potential  difference  between  two  small  brushes 
touching  adjacent  segments  of  the  converter  commutator 
for  different  positions  round  the  commutator.  In  the 
present  experiments  these  small  brushes,  9,  10  (Fig.  2),  do 
not  bear  upon  the  commutator  itself,  but  upon  an  insulating 
ring  F,  provided  with  two  contacts  only,  such  contacts 
bearing  upon  two  adjacent  commutator  plates.  By  turning 
this  ring  on  the  commutator,  the  contacts  can  be  made  to 
touch  any  two  adjacent  commutator  plates.  For  each 
setting  of  this  ring  on  the  commutator  a  curve  was  obtained 
by  observing  the  deflection  on  a  Kelvin  Quadrant  Electro- 
meter connected  to  the  brushes  9,  10  for  different  positions 
round  the  commutator.  This 
curve  gives,  after  correction 
for  current  into  the  resistance 
of  the  sections,  a  measure  of 
the  intensity  of  induction 
experienced  by  the  particular 
section  on  the  armature  as  it  pj^ 

revolves.    The  sections  have 

been  numbered  with  regard  to  the  commutator  plate  con- 
nected to  ring  I  on  the  converter.  The  direction  of  rotation 
and  the  relative  positions  of  ring  i  and  sections  o,  i,  2,  3, 
etc.,  are  shown  in  Fig.  3.  In  each  experiment  a  curve,  the 
points  of  which  are  taken  every  lo®,  was  observed  for 
sections  o,  3,  6,  10,  13,  16,  19,  23.  Three  complete  experi- 
ments, I,  2,  3,  are  being  dealt  with  in  this  section  of  the 
paper,  and  the  observed  curves  are  shown  respectively  in 
Figs.  7,  8,  9.  The  curves  are  numbered  o,  3,  6,  10,  13,  16, 
19,  23,  corresponding  to  the  particular  sections. 

In  each  experiment  a  set  of  deduced  curves  has  been 
obtained  from  the  above,  showing  at  a  chosen  moment  the 
variation  of  potential  difference  between  adjacent  segments 
round  the  commutator.  These  curves  have  been  corrected 
for  the  potential  difference  due  to  current  into  resistance  of 
the  different  sections,  and,  on  the  assumption  of  constant 
angular  velocity,  give  a  measure  of  the  intensity  of  induc- 
tion at  different  points  at  the  moment   considered.     The 
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correction  to  be  applied  is  shown  in  Table  III.  The  circle 
of  reference  is  shown  in  Fig.  lo  with  regard  to  the  pole- 
pieces,  and  the  epochs  chosen  for  these  deduced  curves  are 
when  section  o,  and  radial  connection  to  ring  i,  are  at  120® 
1410,  1620  1890  210°  2310  2510  2790.  The  results  for 
experiments  i,  2, 3  are  given  respectively  in  Figs.  11, 12, 13,  in 
each  of  which  curve  120  means  that  section  o  is  at  120° 
(Fig.  10)  at  the  moment  considered,  and  so  on  for  141/ 
162,  etc. 
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Fig.  4. 

It  is  now  necessary  to  find  the  currents  in  the  converter 
armature  at  the  moments  when  section  o  is  at  1200, 141°,  162°, 
etc.  For  any  position  of  the  converter  armature  we  require 
the  position  of  the  contact-maker  between  brushes  11 
and  12,  in  order  to  find  the  actual  values  of  Ai,  Aa  and  V  at 
that  moment.  From  V,  the  amperes  A  in  the  external 
circuit  can  be  found,  since  A  =  V/R  ;  R  being  a  manganin 
strip  which  with  leads  has  resistance  -474  ohms  in  each 
experiment  i,  2,  3.  If  the  armatures  C  and  G  were  exactly  in 
phase  mechanically,  the  generator  contact-maker  would  read 
59  when  the  brushes  11,  12  make  contact,  and  when  section 
o,  and  radial  connection  to  ring  i  of  the  converter,  are  at  90° 
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(Fig.  lo).     In  each  experiment  the  mean  mechanical  phase- 
difference  is  known,  and  the  converter   lags,  so  that  the 
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reading  on  the  generator  contact-maker  scale  for  any 
position  of  the  converter  armature  in  each  experiment  is 
known.  The  values  of  Ai,  As  and  V  have  been  found  from 
the  curves  at  the  moments  when  section  o,  and  connector  to 
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ring  I,  are  at  120°,  141°,  162°,  etc.,  and  these  are  tabulated  in 
Table  II. 

In  this  two-phase  converter  there  are  four  radial  con- 
nections to  the  slip  rings  i,  2,  3,  4,  and  unless  two  of  these 
are  under  the  brushes  7,  8,  there  are  three  arcs  to  be  con- 
sidered between  the  main  brushes  7,  8  on  each  side  of  the 
armature.  These  are  lettered  a,  b,  c,  and  Fig.  10  shows  the 
position  of  the  armature  when  section  o,  and  radial  connec- 
tion to  ring  I,  are  at  120°.  From  the  electrometer  deflection 
the  signs  and  magnitudes  of  the  amperes  A,  Aj,  A2  are 
known,  so  that  the  signs  and  magnitudes  of  the  currents  in 
the  arcs  a,  b,  c  can  be  found.  These  are  set  forth  for  each 
experiment  in  Table  II.  Knowing  the  currents  in  the  arcs 
a,  b,  c,  and  the  resistance  of  these  arcs,  the  potential  difference 
due  to  such  currents  has  been  found.  V  has  been  corrected  in 
order  to  find  the  E.M.F.  From  the  speed  and  convolutions 
of  the  armature,  the  total  induction  in  the  armature  has  been 
calculated  in  C.G.S.  units.  The  total  area  of  each  of  the 
deduced  curves,  after  correction  for  current  into  resistance, 
in  Figs.  II,  12, 13  has  been  found  in  square  cms.;  so  that  the 
value  of  an  ordinate  of  i  cm.  is  given  in  total  C.G.S.  units 
per  10°,  by  dividing  the  total  induction  by  the  area  in  square 
cms. — I  cm.  horizontally  corresponding  to  10**.  The  area 
corresponding  to  10°  is  the  length  of  the  armature,  cor- 
rected for  fringing  (39-5  cms),  multiplied  by  173  cms.  This 
enables  us  to  find  the  induction  per  square  cm.  at  the  con- 
ductor. The  angles  embraced  by  a,  b,  c  are  known,  and 
hence  the  average  value  of  the  induction  per  square  cm.  for 
each  arc,  for  each  position  of  the  armature,  has  been  found. 
The  number  of  conductors  on  the  surface  of  the  armature 
embraced  by  90°  is  52  ;  from  this  and  the  angles  a,  6,  c  the 
number  of  ampere-bars  have  been  found.  From  these  data 
the  average  force  for  each  arc  has  been  calculated. 

The  curves  i,  2,  3  in  Fig.  14  show  for  experiments  i,  2,  3 
respectively  the  average  force  acting  on  the  armature  for  its 
different  positions  over  a  half  period.  The  force  has  varia- 
tions in  each  experiment,  having  a  periodic  time  half  that 
of  the  converter  armature.  Experiment  3  suffers  greatest 
variation,  and  changes  sign  twice  during  the  half  period. 
The  average  forces  over  a  half  period  in  time,  due  to  one 
half  of  the  armature,  given  by  the  curves  in  Fig.  14,  are 
4'34,  5-18,  and   4-62  lbs.  in  experiments  i,  2,  3  respectively. 
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The  effective  radius  is  3-86  inches.  These  forces  have 
been  doubled  and  correspond  to  rates  of  412,  437,  383 
watts,  and  these  should  equal  the  powers  taken  to  turn 
the  armature  in  the  experiments.  Referring  to  Table  III., 
we  know  the  total  rate  at  which  energy  is  dissipated  in 
the  converter.  This  is  to  be  accounted  for  by  C*R  losses 
in  the  armature  conductors,  magnetic  hysteresis,  induced 
currents,  and  brush,  bearing,  and  wind  friction.  The 
actual  CR  loss  has  been  calculated  from  Table  II. 
This,  together  with  the  watts  calculated  from  the  mean 
force,  should  equal  the  total  dissipation.  The  agreement 
is  fairly  good  in  experiments  i  and  3,  but  not  so  good 
in  experiment  2.  In  this  experiment  (No.  2)  the  variations 
of  induction  density  are  great,  and  to  this  the  author 
attributes  the  large  loss  in  spite  of  diminished  average 
induction  density.  It  is  interesting  to  note  that  with  the 
highest  power  factor  (experiment  i)  the  C'R  loss  in  the 
armature  is  small  as  compared  with  what  would  be 
experienced  if  the  machine  were  an  ordinary  direct-current 
generator,  and  that  this  loss  can  be  exceeded  by  working 
the  converter  with  greatly  lagging  or  leading  currents. 

Magnetisation  and  Distortion  due  to  Armature 
Currents. 

In  an  ordinary  direct-current  dynamo,  if  the  brushes  7,8 
be  fixed  on  the  neutral  line,  the  de-magnetising  effect  due  to 
the  current-bars  on  each  side  of  the  brush  is  zero.  In  a  rotary 
converter  the  case  is  different,  since  with  the  main  brushes 
on  the  neutral  line  the  ampere-bars  on  each  side  may  have 
diflFerent  magnitude  and  the  same  sign.  As  an  approximation 
we  may  confine  our  attention  to  the  belt  between  the  corners 
of  the  opposite  pole-pieces.  In  this  machine  the  angle 
embraced  is  68^  above  and  below  the  axis.  The  currents 
in  these  arcs  are  known  as  well  as  the  number  of  bars, 
and  the  net  ampere-turns  are  plotted  in  Fig.  15  in  terms 
of  time.  Curve  i  shows  that  the  resultant  effect  is  small, 
and  this  is  the  case  in  which  the  currents  Ai,  Aa  are  nearly 
in  phase  with  the  E.M.F.  which  would  be  observed  if  the 
converter  were  run  as  a  generator  on  open  circuit.  The 
currents  actually  lag  by  a  small  angle  (4'5**)  and  one  would 
expect  a  small   magnetising  effect.     The  average  ampere- 
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turns  are  —82,  and  should  magnetise.  The  average  total 
induction  given  by  Table  II.  is  1*23x10^  as  against  1*2 
taken  from  Fig.  i.  It  should  be  remembered  that  the 
magnetising  effect  of  the  current  depends  upon  the  wave- 
form, and  can  only  be  accurately  judged  by  the  point 
where  the  curve  crosses  the  axis  of  time  in  the  case  of 
symmetrical  curves. 

Curve  2,  Fig.  15,  results  when  the  converter  is  more 
highly  excited  than  the  generator — that  is  when  the  currents 
Ai,  Aa  are  leading  by  450.  Curve  3  shows  the  effect  of 
currents  lagging  38°.  With  leading  currents  the  effect  is  to 
dermagnetise,  and  this  is  amply  shown  by  the  result  in 
Table  II.,  since  the  E.M.F.  in  volts  predicted  from  the 
characteristic  curve  would  be  32-9  as  against  an  average 
E.M.F.  of  187  volts  actually  realised.  The  effect  with 
lagging  currents  is  to  magnetise,  as  is  shown  by  the  fact 
that  an  E.M.F  of  20-5  volts  would  be  predicted  from  the 
characteristic  curve  as  against  an  average  E.M.F.  of  30 
volts  actually  realised.  The  ampere-turns  due  to  the  shunt 
winding  are  3,300,  and  the  curves  2,  3,  Fig.  15,  show 
an  average  de-magnetising  and  magnetising  influence  of 
1,090  and  1,140  ampere-turns.  In  experiments  2  and  3 
respectively,  the  average  ampere-turns  due  to  the  armature 
over  the  belt  considered  are  -I-32  and  —35  per  cent,  of 
those  on  the  magnets,  and  the  total  average  induction  in 
the  armature  is  decreased  40  and  increased  50  per  cent,  in 
the  two  cases.  We  note  also  that  in  each  case  the  variation 
has  a  periodic  fluctuation  ;  the  periodic  time  being  half 
that  of  the  armature. 

The  curves  in  Fig.  16  are  an  approximation  to  the 
distortion  effects,  and  represent  the  ampere-bars  over  the 
bored  face  of  the  magnets  at  any  moment.  Curves  i,  2,  3 
correspond  respectively  to  experiments  i,  2,  3.  The  periodic 
time  is  in  each  case  half  that  of  the  armature. 

We  have  now  to  consider  the  effect  of  induced  currents 
in  the  mass  of  the  iron  in  the  magnet  limbs.  The  curves  V 
in  Figs.  4, 5, 6  show  that  the  volts  between  the  main  brushes 
7,  8  vary,  the  time  of  such  variation  corresponding  with  the 
variation  in  the  effects  observed.  The  percentage  variation 
of  V  is  not  so  great  as  one  might  perhaps  expect  from  the 
curves  in  Fig.  15.  Account  must  be  taken  of  the  induced 
currents  in  the  iron  cores.    These  induced  currents  have  the 
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effect  of  causing  the  armature  currents  to  produce  an  average 
effect  upon  the  field  magnet  by  partly  suppressing  the  periodic 
effect.  The  lamination  of  magnet  limbs,  and  the  substitution 
of  conductivity  round  the  core  for  the  conductivity  of  the 
limb,  and  the  consequent  advantages,  are  matters  so  well 
known  as  to  require  no  further  mention. 


Sparking  at  Brushes,  Power  Factor,  etc. 

[The  sparking  which  occurred  at  the  main  brushes  of 
this  converter  under  certain  circumstances  is  interesting. 
As  the  speed  of  the  generator  was  diminished  from  760 
under  the  conditions  of  experiment  i  for  instance,  the 
variation  in  the  angular  velocity  of  the  converter  increased. 
The  main  brushes  7,  8  sparked  periodi- 
cally under,  these  circumstances,  the 
periodic  time  agreeing  with  that  of  the 
variation  in  angular  velocity  which  was 
observed  on  a  tachometer  attached  to 
the  converter  shaft.  The  time  during 
which  sparking  occurred  was  simultan- 
eous with  the  time  during  which  the 
angular  velocity  was  being  increased. 
The  periodic  time  of  this  variation 
increased  to  an  order  of  magnitude  of 
one  second,  and  if  carried  much  further 
the  converter  fell  out  of  step.  The 
amplitude  of  the  variation  in  one 
instance  was  48°  on  either  side  of 
the  mean  value  of  the  mechanical  phase  displacement. 
This  effect  was  observed  at  speeds  much  higher  than  in 
experiment  3,  under  which  conditions  as  to  excitation  the 
angular  velocity  of  the  converter  was  nearly  constant. 
The  effect  is  connected  with  the  greater  control  which 
exists  with  the  higher  excitation  of  the  generator  for  a 
given  speed.  The  sparking  is  due  to  the  disturbance  set 
up  in  the  magnetic  field  by  the  armature  currents,  as  then 
the  armature  coils  are  the  seat  of  considerable  E.M.F.  at 
the  moment  of  short-circuit  by  the  main  brushes. 

The  phase  relations  between  the  E.M.F.  .in  each 
phase,  which  would  be  observed  if  the  converter  armature 
were    run    as    a    generator   on    open    circuit,    and    the 
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observed  potential  differences  Vi  Va,  have  a  bearing  upon 
power  factor.  If  the  converter  excitation  be  kept 
normally  constant,  we  see  that  the  volts  Vj  Va  only  agree 
in  phase  with  the  E.M.F.  as  a  generator  on  open  circuit 
when  the  current  lags,  as  in  experiment  3,  and  then  the 
mechanical  phase  difference  is  6°.  As  the  excitation  of 
the  generator  is  reduced  the  volts  Vj  Va,  as  well  as 
amperes  Ai  Aa,  are  accelerated  in  phase  until  current  is 
nearly  in  phase  with  E.M.F.  (Expt.  i),  and  the  mechanical 
phase  difference  is  29°.  In  this  case  the'  power  factor  is 
not  a  maximum,  since  the  amperes  Ai  Aa  lag.  On  further 
reducing  the  excitation  of  the  generator  the  amperes  Aj  A9 
and  volts  Vi  Va  come  into  phase,  and  after  this  the  current 
overtakes  potential  difference  and  leads  as  in  experiment  2, 
the  mechanical  phase  difference  being  63°.  During  reduc- 
tion of  generator  exciting  current  the  volts  Vi  Va  would 
be  continuously  reduced  in  amplitude,  as  well  as  accelerated 
in  phase  for  constant  speed  and  constant  current  on  the 
direct-current  side  of  the  converter. — March  25,  1900.] 

When  observing  the  curves  in  Figs.  7,  8,  9,  at  certain 
points  near  the  main  brushes  the  electrometer  deflection 
was  unsteady.  The  limits  of  the  variation  are  shown  by 
the  two  lines  under  one  curve  number.  The  C.R.  correc- 
tion is  important  at  these  positions,  and  may,  together  with 
the  acceleration,  be  connected  with  the  effect  observed. 

When  the  connectors  to  rings  i  and  3,  and  2  and  4  come 
under  the  main  brushes,  the  potential  differences  observed 
between  the  rings  and  the  main  brushes  respectively  should 
be  equal,  provided  the  brush  contact  and  leads  have  a  small 
enough  resistance.  The  following  figures  taken  from  the 
curves  show  that  such  resistances  in  this  machine  are  not 
small  as  compared  with  the  resistances  of  the  leads  and 
armature.  The  conditions  may  have  changed  between  the 
observations,  but  the  result  is  worth  noting. 

Angle  V.  V,         V,       A,         A,      ofims. 

Experiment  i        9*3  31 5  32*2                  81                  -0086 

M      24-3  31-3  327                  81      -0173 

2  36  17-5  180                 44                  -0114 
ff      i8-6  1725  1875                43      '0350 

3  i3'2      310      32*0  81  -0123 
„          „      282      3C0                  320                 77       0260 

In  the  case  of  closed  coil  machines  (mixed  phases)  the 
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subject  of  symmetry  is  of  great  importance.  In  some  early 
experiments  the  resistance  of  the  connecting  leads  were  not 
accurately  adjusted,  as  in  the  case  of  experiments  i,  2,  3. 
The  dissymmetry  was  such  that  the  phase-differences  were 
as  shown  in  experiments  4,  5,  6  (Table  III.);  the  currents 
observed  being  taken  across  r^  and  re  only,  and  not  the 
average  as  in  experiments  i,  2,  3.  Under  these  conditions, 
the  disturbances  in  the  air  spaces  of  the  converter  were  quite 
different  for  corresponding  sections  90°  apart. 

The  converter  is  here  working  intermediate  between  single 
and  two-phase,  and  the  average  force  worked  out  as  in 
experiments  i,  2,  and  3,  on  the  assumption  that  the  currents 
in  rings  i  and  3,  and  rings  2  and  4,  are  given  by  the 
variation  of  potential  difference  across  r^  re  respectively, 
show  greater  variation  than  is  the  case  in  experiments  i, 
2,  3,  but  the  periodic  time  is  still  half  that  of  the  converter 
armature. 

In  experiments  2  and  5  the  converter  is  just  on  the  point 
of  falling  out  of  step.  Any  further  diminution  of  the 
generator  exciting  current  would  make  it  do  so. 

Conclusions  from  Experiments. 

The  experiments  show  the  magnitude  of  disturbance 
which  may  be  produced  in  the  angular  velocity  of  a  rotary 
converter  by  a  joint  in  the  belt  used  to  drive  the  generator 
of  alternate  currents.  The  result  points  to  the  importance 
of  employing  an  even  turning  moment  in  connection  with 
direct-coupled  engines  and  generators. 

The  experiments  on  armature  reaction  in  this  two-phase 
rotary  converter,  demonstrate  that  currents  in  phase  with 
E.M.F.  which  would  be  observed  if  the  converter  were  run 
as  a  generator  on  open  circuit,  have  little  or  no  effect  towards 
magnetising  or  de-magnetising  the  magnets,  and  that  lagging 
and  leading  currents  respectively  magnetise  and  de-magnetise 
the  magnets.  The  disturbance  is  a  periodic  function,  the 
time  of  which  is  half  that  of  the  converter  armature,  and 
makes  itself  felt  at  the  main  brushes  of  the  converter.  The 
distorting  effect,  due  to  the  currents  in  the  armature,  has 
also  a  periodic  time  half  that  of  the  armature. 

The  torque  actually  experienced  by  the  armature  for  all 
phases  of  current  has  fluctuations  of  periodic  time  half 
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that  of  the  armature.  The  experiments  confirm  the  result 
obtained  in  the  previous  paper,  namely,  that  the  mechanical 
phase  displacement  of  the  armature  is  less  with  strong  than 
with  weak  fields. 

With  greatly  lagging  or  leading  currents  the  dissipation 
of  energy  in  the  copper  conductors  of  the  converter 
armature  may  be  greater  than  the  dissipation  which  would 
occur  in  the  same  armature  if  used  as  a  generator  to  give  the 
same  direct  current. 

Attention  is  called  to  the  importance  of  symmetry  in  a 
system  in  which  mixed  phases  are  employed. 

The  results  of  the  experiments  in  this  and  the  previous 


Fig.  14. 

paper  referred  to  are  made  use  of  in  the  following  note  on 
the  regulation  of  rotary  converters. 

The  Regulation  of  Rotary  Converters. 

The  simplest  case  is  that  in  which  the  exciting  current 
in  the  magnet  winding  of  the  converter  is  supplied  by  an 
external  source  and  kept  normally  constant,  as  in  the  fore- 
going experiments.  If  it  be  taken  as  a  condition  that  the 
potential  difference  between  any  two  points  in  the  direct- 
current  circuit  of  the  converter  must  be  kept  constant  for 
all  loads,  then  the  E.M.F,  of  the  converter  must  be  increased 
as  the  load  increases.  If  a  current  in  phase  with  E.M.F. 
as  a  generator  on    open   circuit   neither   magnetises   nor 
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de-magnetises,  then  for  maximum  power  factor  at  the 
converter  slip  rings  at  all  loads,  the  E.M.F.  cannot  be 
increased  with  constant  exciting  current  in  the  magnet  coil. 
In  these  circumstances  the  exciting  current  must  be  in- 
creased with  the  load.  We  may  consider  the  following 
cases  in  which  control  is  effected  by  the  generator. 

(i)  Suppose  with  no  load  on  converter  that  the  field  is 
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Fig.  15. 

such  as  to  produce  a  lagging  current.  Then  loading  the 
converter  will  reduce  lag  of  current,  and  since  a  lagging 
current  magnetises,  the  volts  on  the  direct-current  side  will 
drop ;  if  carried  far  enough  a  leading  current  and  further 
de-magnetisation  will  result. 

(2)  Suppose,  with  no  load  on  converter,  the  field  is  such 
that  a  lagging  current  exists,  and  that  the  applied  alternate- 
current  potential  difference  increases  as  the  load  increases. 
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So  far  as  the  applied  alternate-current  voltage  is  concerned 
the  phase  of  current  will  tend  to  be  increased.  So  far  as 
load  is  concerned  the  phase  of  current  will  tend  to  be 
decreased.  The  actual  effect  on  the  phase  of  current  will 
be  that  due  to  the  resultant  of  an  increased  applied  potential 
difference  and  an  increased  load.  The  result  may  be  an 
increased  amplitude  of  lagging  current,  magnetising  suffi- 
ciently to  produce  the  required  E.M.F. 

(3)  Suppose,  with  no  load  on  the  converter,  the  excitation 
is  such  that  the  current  leads.  Increased  load  will  tend  to 
cause  a  greater  lead.  If  the  applied  alternate-current  poten- 
tial difference  be  increased  with  the  load,  this  will  tend  to 
reduce  phase  of  'current.  If  this  be  carried  far  enough,  the 
converter  may  have  a  greater  E.M.F.  due  to  armature  re- 
action giving  maximum  power  factor  for  maximum  or 
average  or  other  load. 

(4)  Suppose,  with  no  load  on  converter,  the  excitation 
be  such  that  current  is  in  phase.  Increased  load  will  tend 
to  make  the  current  lead,  increased  applied  potential  differ- 
ence will  tend  to  reduce  lead  and  may  cause  a  lag.  If  the 
net  result  is  to  keep  to  maximum  power  factor,  the  volts 
will  drop  on  direct-current  side  of  converter  for  constant 
exciting  current. 

Suppose  we  propose  to  regulate  by  variation  of  the  con- 
ditions in  the  line  wires  between  the  source  of  energy  and 
the  converter.  It  is  stated  that  reactance  is  made  use  of  for 
this  purpose.'  We  may  neglect  the  effects  of  capacity  and 
possible  resonance.  We  have  here  to  consider  the  effect  of 
such  added  reactance  upon  phase  of  potential  difference  and 
current  as  well  as  upon  amplitude.  It  must  be  remembered 
that  such  reactance  is  only  one  item  in  the  circuit,  and  it 
must  be  made  sufficiently  important  to  effect  the  desired 
result.    The  following  cases  may  be  considered. 

(a)  Suppose,  with  no  load  on  converter,  the  excitation  is 
such  that  the  current  lags,  and  produces  a  magnetising 
effect.  Let  the  reactance  in  the  line  wires  be  great,  and 
by  some  automatic  device  let  it  be  reduced  as  the  load  on 
the  converter  is  increased.  So  far  as  reactance  is  concerned 
it  will  tend  to  diminish  phase  difference  between  current 
and  potential  difference,  at  the  same  time  increasing  applied 

*  Journal  Inst  Elec»  Eng.^  1898,  vol.  xxvii.,  No.  137,  p.  724. 
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potential  difference.  So  far  as  the  converter  is  concerned, 
increased  applied  alternate-current  potential  difference  and 
increased  load  act  in  opposite  senses.  The  result  might  be 
an  increased  E.M.F.  with  a  still  lagging  current  of  greater 
amplitude. 

(j3)  Suppose,  with  no  load  on  converter,  the  excitation  is 
such  that  current  leads.  In  this  case,  if  the  reactance  be 
automatically  increased  as  the  load  is  increased  there  will 
be  a  tendency  to  decrease  lead  of  current  on  the  part  of 
increased  reactance,  and  the  applied  volts  will  be  lower.     In 
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the  converter,  diminished  applied  potential  difference  and 
increased  load  will  each  tend  to  make  current  lead.  The 
net  result  should  be  a  current  diminishing  in  lead  as  the 
load  is  increased  in  order  to  give  the  desired  increase  in 
E.M.F.  of  the  converter.  This  might  have  to  be  carried  so 
far  that  current  lags. 

It  is  usual  to  supply  rotary  converters  with  compound 
windings.  Under  these  circumstances  the  field  excitation 
increases  with  the  load.  An  over-excited  converter  acce- 
lerates current,  and  the  author  presumes  that  the  increased 
reactance  is  such  that  its  tendency  to  cause  a  lag  is  such 
that  the  net  result  is  a  maximum  power  factor  for  the 
average  or  maximum  load  with  sufficiently  increased 
E.M.F. 

(7)  Suppose  the  field  such  that  with  converter  on  open 
circuit  current  is  in  phase,  and  we  vary  reactance  in  such 
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wise  that  it  automatically  diminishes  as  the  load  on  the 
converter  is  increased.  A  diminished  reactance  will  tend 
to  accelerate  current,  and  the  applied  potential  diflFerence 
will  be  increased.  So  far  as  the  converter  is  concerned, 
increasing  its  applied  volts  and  load  act  in  opposition.  The 
net  result  should  be  a  current  slightly  lagging  in  order  to  in- 
crease E.M.F.  sufficiently  to  compensate  for  increased  C  R 
drop. 

In  a  choking  coil  the  tangent  of  the  angle  of  lag  between 
applied  volts  and  current  varies  as  L/R,  where  L  is  a  sup- 
posed constant  self-induction  coefficient  and  R  is  the  resist- 
ance of  the  coil.  In  the  case  of  long  lines,  the  resistance 
may  become  important  and  tends  to  reduce  the  angle  of 
either  lag  or  lead. 

Automatic  devices  for  varying  the  reactance  if  con- 
structed with  moving  parts  may  be  too  slow  to  follow  up 
the  rapid  fluctuations  met  with  in  traction.  The  author 
inclines  to  the  opinion  that  the  expense  and  complication 
due  to  compounding  rotary  converters  might  be  done  away 
with.  It  becomes  a  question  as  to  whether  the  simple  shunt 
winding  with  the  necessary  apparatus  for  varying  the  react- 
ance would  again  entail  as  great  an  expense  and  be  as 
efficient. 

In  making  use  of  the  simple  shunt,  it  should  be  noted 
that  with  arrangements  for  increasing  the  potential  difference, 
say  between  the  brushes  on  the  direct-current  side  of  the 
converter,  there  is  a  means  for  automatically  increasing  the 
shunt  current.  This  should  be  considered  in  the  particular 
cases  mentioned  in  this  note,  as  it  was  there  assumed  con- 
stant. Again,  the  experiments  show  that  the  mechanical 
phase-difference  is  diminished  with  strong  fields  ;  this 
should  be  considered,  as  it  has,  in  the  author's  opinion,  an 
important  bearing  in  connection  with  the  hunting  of  con- 
verters. From  this  point  of  view,  it  would  be  best  to  work 
into  a  condition  of  stronger  field  as  the  load  is  increased  if 
field  variation  is  imperative ;  but  if  not,  the  field  intensity 
should  be  high  so  as  to  reduce  armature  reaction. 

Mr.  F.  E.  L.  Hurst,  Student- Demonstrator  in  the 
Siemens  Laboratory,  King's  College,  London,  has  assisted 
me,  not  only  in  the  experiments,  but  in  the  working  out 
of  results.  Mr.  R.  D.  T.  Alexander  has  also  given  me 
assistance  in  the  experiments.  To  these  gentlemen  I  wish 
to  tender  my  thanks. 
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THE    AIR-GAP    INDUCTION    IN    CONTINUOUS- 
CURRENT   DYNAMOS. 

By  C.  C.  HAWKINS,  M.A.,  Member,  and  R.  Wightman, 

Associate. 

Although  the  principles  which  govern  the  distribution 
of  the  magnetic  induction  in  the  air-gaps  of  the  continuous- 
current  dynamo  are  well  known,  yet  there  are  certain 
points  in  the  predetermination  of  the  complete  curve  of 
induction  under  and  beyond  the  pole-faces,  which  merit 
detailed  consideration.  The  subject  is  of  especial  import- 
ance in  connection  with  the  question  of  commutation, 
since  upon  the  predetermination  of  the  fringe  of  lines 
which  form  the  reversing  field  between  the  pole-edges 
must  largely  depend  our  forecast  as  to  whether  a  particular 
machine  will  be  free  from  sparking  or  otherwise. 

I. 

Since  the  actual  field  in  the  air-gaps  of  the  dynamo  is 
the  resultant  of  the  weakened  symmetrical  field  (due  to 
the  magnet  winding,  as  weakened  by  the  back  ampere- 
turns  of  the  armature)  and  the  cross  field,  the  first  step 
towards  determining  the  distribution  of  the  lines  right 
round  the  armature  must  be  to  map  out  the  weakened 
symmetrical  field,  and  upon  this  the  distorting  effect  of 
the  cross  ampere-turns  must  afterwards  be  superimposed. 
When,  however,  we  come  to  the  interpolar  region,  the 
problem  must  even  at  this  early  stage  be  simplified  by 
limiting  ourselves  to  one  more  or  less  general  case  out  of 
the  great  variety  of  forms  which  it  may  take.  The  dis- 
tribution of  the  lines  between  the  pole-edges  is  affected 
by  the  configuration  of  the  magnetic  circuit  in  general, 
and  by  the  shape  of  the  pole-tips  in  particular ;  it  further 
depends  on  the  position  and  number  of  the  exciting  coils 
per  magnetic  circuit.  £.^.,  in  a  two-pole  iron-clad  dynamo 
having  the  yoke  passing  close  on  either  side  of  the  armature 
and  excited  by  a  single  coil,  the  interpolar  field  will  be 
very  different  from  that  of  the  same  armature  and  pole- 
pieces  with  two  exciting  coils  symmetrically  placed  and  the 
yoke  so  far  away  that  leakage  into  it  from  the  armature 
may  be  neglected.     Again,  even  in  the  ordinary  over-type 
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single  horseshoe,  the  interpolar  field  at  the  upper  surface 
of  the  armature  will  be  different  from  that  at  the  lower 
surface.  Some  general  case  which  will  give  results  more 
or  less  accurate  when  applied  to  particular  machines  must 
be  assumed,  and  in  the  expression  "  weakened  symmetrical 
field  "  used  above  it  is  implied  that  the  field-magnet  system 
is  perfectly  symmetrical  with  regard  to  the  armature,  as,  for 
instance,  in  a  two-pole  machine  when  the  total  excitation  is 
divided  between  two  equal  coils  placed  above  and  below 
or  one  on  each  side  of  the  armature.  It  is  further  assumed 
that   the  yoke  is  so  far  from  the  armature  that  its  effect 


Fig.  I. 

need  not  be  considered  (Fig.  i).  Within  the  bore  of  the 
pole-pieces  the  lines  in  the  interferric  gap  may  be  taken  as 
radial  and  as  uniform  in  density  over  some  85  per  cent,  of 
the  polar  arc'  For  about  7J  per  cent,  of  the  arc  at  each 
end  of  a  pole-face  the  lines  begin  to  curve  outwards  and 
their  density  diminishes.  Beyond  the  pole-tip  their  path 
becomes  more  and  more  curved,  and  as  a  preliminary 
approximation  it  may  be  assumed  that  for  all  lines  lying 

'  Thus  in  the  curves  reproduced  in  Science  Abstracts^  vol.  i.,  part  9,  while 
the  pole-face  extends  over  I35<»,  the  density  is  practically  uniform  over  some 
1 10^;  and  in  Dr.  Hopkinson's  curves  (Dynamo  Machinery ^  pp.  142  ff.)  the 
straight-line  portion  which  marks  the  limits  of  uniform  density  in  the 
symmetrical  field  extends  over  about  lOcF  out  of  a  total  polar  angle  of  112°. 
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Fig.  2. 


between  a  pole-tip  and  the  symmetrical  diameter  their  path 
in  the  air  may  be  divided  into  two  portions — (i)  a  curved 
portion,  the  length  of  which  is  a  constant  multiple  of  the 
peripheral  distance  measured  on  the  armature  core  from 
the  line  joining  pole-tip  and  armature  centre  to  the  point 
at  which  the  induction  is  to  be  estimated;  and  (2)  the 
normal  length  of  the  single  air-gap,  Ig.  Thus,  in  Fig.  i, 
let  c  =  the  distance  in  cm.  measured  on  the  periphery  of 

the  armature  core  from  the  vertical 
line  of  symmetry  VS  up  to  the 
radius  drawn  to  the  pole-tip.  Let 
X  =  the  distance  in  cm.  between  the 
point  A  at  which  the  induction  is 
being  estimated  and  the  line  of 
symmetry.  Then  the  path  of  the 
lines  entering  the  armature  at  point 
A  has  a  length  ^{c  -  x)  +  Ig,  where 
$  is  the  constant  multiplier  of 
which  the  value  must  be  estimated  from  the  drawing, 
?  (c  -  .r)  being  the  curved  portion,  and  Ig  the  straight 
radial  portion  which  must  be  added  to  $  (c  —  xy  The  value 
of  $  depends  entirely  upon  the  shape  of  the  pole-tips,  and 
must  be  estimated  by  drawing  arcs  of  circles  having  for  their 
radii  the  distance  from  the  pole-tip  to  the  end  of  the  straight 
radial  portion  of  the  paths.  Figs.  2  and  3  will  serve  to 
show  the  method  3  and  the  latitude  with  which  any 
fixed  rule  must  be  interpreted  in 
order  to  suit  any  particular  shape. 
If  the  pole-tips  are  not  chamfered  off 
so  as  to  increase  their  radial  distance 
from  the  core  and  their  shape  ibe 
simple,  the  following  construction 
may  be  employed  to  determine  $. 
If  the  circle  of  the  bore  be  con- 
tinued from  the  pole- tip  up  -  to  1  the  line  of  symmetry 
(Fig.  4),  and  any  point  A  be  taken  on  it,  let  y  be  the  angle 
in  radians  enclosed  between  the  pole-edge  B  C  and  the 
chord  from  the  pole-tip  to  the  point  A.    Then  the  length 

*  The  above  convenient  approximation  is  due  to  J.  Fischer-Hinnen 
{Elektrotcchnischc  Zcitschrift^  1893,  vol.  xiv.,  pp.  53-57),  and  is  probably  very 
fairly  accurate  near  the  line  of  symmetr>',  but,  as  will  be  seen  later,  requires 
modification  near  the  pole-tips. 

•  Cp.  Emil  Dick  in  Elektrotcchnischc  Zcitschrift,  1898,  vol.  xi.x.,  pp.  802-806. 


Fig.  3. 
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of  the  curved  portion  of  the  path  is  y  times  the  chord  C  A. 

For  different  points  y  evidently  alters  slightly,  and   S  is 

therefore  not  strictly  constant ;  but  if  the  point  A'  midway 

between  V  S  and  C  be  taken  as  in  Fig.  4,  the  value  for  5 

derived  from  the  angle  y  so  obtained  may  with  reasonable 

accuracy  be  assumed  to  hold  for  all  other  points,  and  may 

therefore  be  used  as  a  constant  multiplier.    The  arc  CA 

r  +  I 
being  equal  to  the  arc  (c  —  x)  raised  in  the  proportion * 

where  r  is  the  radius  of  the  armature,  and  y  in  a  two-pole 
dynamo  with  pole-tips  as  shown  being  approximately  120®, 
the  chord  C  A'  works  out  to  about  1*05  times  the  arc  (c  —  x) 
which  is  measured  on  the  armature  core,  whence  the  curved 

portion  of  the  path  =  y  x  i'05  (c  —  ^),  or  5  =  ^  ir  x  1*05 
=  nearly  2*2. 


A  numerical  illustration  will  render  the  above  clearer. 
Thus  in  an  armature  of  14"  =  35*6  cm.  diameter,  /^  was 
1-42  cm.  and  5  =  2*1  as  estimated  from  the  drawing.  The 
angle  subtended  by  the  pole-face  was  140°,  whence  the 
distance  on  the  core  from  a  radius  intercepting  the  pole-tip 

to  the  line  of  symmetry  was  35-6  cm.  x  ir  x  -^-^  =  6-2  cm. 

At  the  pole-edge,  x  ^  c^s  6-2  and  g  (c  —  a:)  +  /^  =  /^  =  1*42, 
while  on  the  line  of  symmetry  x  =:o  and  ^{c  -^  x)  +  /^  = 
2*1  (6*2)  +  1-42  =s  14*42 ;  hence  for  every  degree  of  advance 

away  from  the  line  of  symmetry,    -^  =  '65   cm.  must  be 
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deducted  from  the  length  14-42.     We  thus  obtain  columns 
I.  and  II.  of  the  following  table  : — 


TABLE  I. 


I. 

Angle  from  line  of 
symmetry  =  a. 

II. 
21  {c-x)  +  /^ 

III. 

CorrcctccL 

0" 

1442 

1442 

2" 

1312 

13 

4° 

ir82 

"•5 

6» 

10-52 

IP 

80 

9*22 

8-6 

10° 

792 

717 

12° 

662 

5-8 

140 

5-32 

4*2 

16° 

4'02 

3 

18° 

272 

2'4 

20° 

1-42 

1-95 

22° 

17 

24° 

1-5 

2(f 

1-44 

28« 

1*43 

30P 

1-42 

On  plotting  columns  I.  and  II.,  as  in  the  dotted  upper 
curve  of  Fig.  5,  it  is  evident  that  the  change  as  we  pass 
from  outside  to  inside  the  pole-face  is  too  abrupt  (since  the 
curve  consists  of  two  straight  lines  meeting  at  an  angle), 
and  must  in  fact  be  more  gradual.  As  has  already  been 
stated,  the  length  of  path  of  the  lines  towards  the  pole- 
corner  is  not  absolutely  radial,  and  only  becomes  so  some 
10°  within  the  pole-face,  ue.  about  7 J  per  cent,  of  the  polar 
arc.  Further,  the  curved  portion  of  the  path  in  reality 
becomes  straighter  as  we  approach  the  pole-tip,  so  that 
^{c  —  x)  should  decrease  more  rapidly.  It  is  therefore 
convenient  to  adopt  some  such  conventional  rule  as  the 
following  :  instead  of  making  5  (^  —  ^)  +  /^  decrease  to  l^  at 
the  pole-edge,  let  the  maximum  value  be  diminished  to 
zero  at  the  pole-edge,  and  let  the  angle  of  intersection  be 
rounded  off  between  the  limits  of,  say,  30®  and  15°.  This 
construction  makes  allowance  for  the  decreasing  value 
which  g  should  have  as  the  pole-tip  is  approached. 
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The  full-line  curve  of  Fig.  5  is  thus  obtained,  from 
which  the  corrected  values  for  the  length  of  path  given  in 
the  third  column  of  Table  I.  are  derived.  As  a  matter  of 
fact  for  the  purpose  of  considering  the  reversing  field,  it 
is  not  so  important  to  determine  the  field  close  up  to  the 
pole-tips,  as  the  brushes  are  seldom  advanced  so  far  even  at 
full  load. 

Next  must  be  considered  the  difference  of  magnetic 
potential  acting  along  the  above  paths.  Let  B^  =  the 
normal  induction  over  the  polar  arc 
(except  at  the  extreme  edges)  at  full 
load,  so  that  B^  x  2  /^  =  1*257  X^, 
where  X^  =  the  ampere-turns  required 
by  the  double  air-gap.  Let  la  =  the 
distance  in  cm.  from  the  radius  inter- 
cepting a  N.  pole-tip  to  the  radius 
intercepting  an  adjacent  S.  pole-tip 
measured  along  the  outside  of  the 
armature  core  {i.e.  2c  in  Fig.  i).  Over 
this  length  the  armature  induction 
(neglecting  the  lines  of  the  pole-fringe) 
may  be  considered  to  have  a  uniform 
value  Ba ;  then  /(Ba )  la  =  1*257  ^> 
where  X^  =  the  ampere-turns  required 
to  overcome  the  armature  reluctance. 
In  a  preliminary  calculation  a  certain 
value  of  the  angle  of  lead  is  assumed, 
giving  a  certain  number  of  back 
ampere-turns,  X^.  The  exciting  power 
required  between  the  poles  is  then  X^  =  X^  +  X^  +  X^,. 
At  the  pole-tip  the  difference  of  magnetic  potential  between 

X 

pole-tip  and  core  is  in  C.G.S.  units  i'257  -  ^ .    As  the  line  of 

symmetry  is  approached,  this  difference  of  potential  in- 
creases until  at  the  line  of  symmetry  it  has  the  value  of 

L^57  -^  ^      Between   the   limits    of    pole-tip    and    line  of 

2 
symmetry,  the  fall  of  potential   due  to   the  armature  re- 

luctance  may  be  taken  as  uniform,  or  =  — ^ — -  per  degree 

of  arc,  where  0  is  half  the  interpolar  angle  (Fig.  i).    Similarly 
the    fall    of    potential   due   to    the    back  ampere-turns  is 


A>*  /5'  eO"  £5' 3(f 

Angle  from  Une  c^ 
symmetry. 

Fig.  5. 
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— ^Ar — -  per  degree  of  arc,  where  X  is  the  angle  of  lead. 

2  A 

Thus  the  difference  of  potential  between  the  pole-tip  and 
any  point  A  distant  from  the  line  of  symmetry  by  an  angle 

ao  is  1-257  (— +  ^^rg^)  "P  *o  *e  angle  of  lead,  and 

between  this  and  the  line  of  symmetry  is 

If  a  number  of  values  for  x  and  a°  be  taken,  the  induc- 
tions that  would  be  due  to  the  above  difference  of  potential 
acting  over  the  paths  of  corresponding  length  as  given  by 
column  III.  can  now  be  worked  out.^    The  values  decrease 

from  B^  under  the  pole  to  B^"  =   ^)^57  X/>  at  the  line  of 

symmetry.  This  induction  B^  may  be  regarded  as  the 
density  of  the  lines  that  would  enter  the  core  on  the  line 
of  symmetry  due  to  one  magnet  coil;  it  is  at  the  same 
time  the  density  of  the  lines  that  would  leave  the  armature 
core  due  to  the  other  magnet  coil ;  the  two  inductions 
neutralise  each  other  and  the  resultant  is  zero  as  required. 
The  effect  of  the  second  magnet  coil  between  the  line  of 
symmetry  and  the  pole-tip  furthest  away  from  it  still  has 
to  be  considered  ;  it  is  measured  by  an  amount  decreasing 
from  B^"  to  o  under  the  opposite  pole,  and  as  B^'  is  not 
itself  large,  it  may  be  taken  as  decreasing  uniformly  per 
degree  of  interpolar  arc,^  and  the  value  thus  given  for  each 
degree  must  be  subtracted  from  the  inductions  due  to  the 
first  magnet  coil. 

In  the  same  armature  as  before,  the  angle  of  lead  we 
assume  to  be  A  =  io°  with  232  conductors  and  a  total 
armature  current  of  160  amperes.  The  commutator  has 
116  sectors,  and  each  section  of  the  armature  thus  consists 
of  one  loop  of  two  bars.  The  time  of  short-circuit  corre- 
sponds to  an  angle  of  5-20 ;  i.e.,  if  the  angle  of  lead  be 

*  It  may  appear  an  unnecessary  refinement  to  take  into  account  X*  and 
X^  as  in  the  above  approximation,  but  unless  some  such  allowance  is  made 
for  them  the  process  cannot  be  satisfactorily  carried  out  for  the  entire 
periphery  of  the  armature. 

'  This  method  must  necessaiily  be  only  approximately  true,  but  is  pro- 
bably sufficiently  accurate.  Mr.  J.  Fischer  Hinnen's  method  ("  Continuous- 
current  Dynamos,"  p.  217)  is  open  to  the  objection  that  it  does  not  make  the 
induction  assume  its  normal  value  near  the  pole-tip. 
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reckoned  from  the  line  of  symmetry  up  to  the  centre  of 

the   brush,  short-circuit  begins  at  7*40  and  ends  at  12-60. 

The   width    of    one    loop    corresponds    to    an    angle    of 

'160® 

^^— -=  I '550.      There    is,   therefore,   at   the    beginning   of 
232 

short-circuit  a  band  of  pure  back  ampere-turns'  covermg 
(7*4  —  1*55)  X  2  =  1 170,  and  at  the  end  of  short-circuit 
(i2'6  —  1-55)  X  2  =  22*io.  There  is  tilso  the  unbalanced 
pair  of  loops  corresponding  in  position  to  the  short-circuited 
loops,  but  near  the  trailing  pole-tip.  These  are  at  the 
beginning  of  short-circuit  partly  back  and  partly  cross 
ampere-turns,  so  that  there  will  be  little  error  in  assigning 
one  loop  to  the  back  ampere-turns  and  one  loop  to  the 
cross  ampere-turns,  while  at  the  end  of  short-circuit,  since 
they  are  nearer  to  the  pole-tip,  they  may  both  be  regarded 
as  cross  ampere-turns.  Hence  at  the  beginning  of  short- 
circuit  the  band  of  back  ampere-turns  has  a  width  of 
117  +  1-55  =  IJ250,  and  at  the  end  of  short-circuit  a  width 
of  22*io,  and  since  their  variation  produces  but  little  effect 

I^*2C  +  22*1 

on  the  total  field,  their  average  width  of  ^— ^ ,  =  say 

170,  may  be  taken.  Correspondingly  the  band  of  cross 
ampere-turns  at  the  beginning  of  short-circuit  has  a  width 
of  162-10  plus  one  loop  (=  I'SS®),  or  a  total  of  i63'650,  and 
at  the  end  of  short-circuit  a  width  of  1517°  plus  the  width 
of  two  loops  (=  3'io),  or  a  total  of  i54'8o :   their  average 

width  is  therefore  —5—5 54_^  _.  ^^y  j^qo. 

The  ampere-turns  or  magneto-motive  force  between 
either  pole  and  the  line  of  symmetry  can  now  be  calculated 
in  the  usual  manner. 

i'257'y=  B^x  (r= 5,040  X  I -42  =7,150 

V 

^  *^57  V~  4^^  ^^  2^  P®^  degree  of  interpolar  arc 

X*  232     17°     160  ^  , ,     . 

i'i577-=i'257X-f-x^oX  — =   550  or  55  per  degree  of  lead 

1*257^  8,100 

'  See  "Armature  Reaction  and  the  Theory  of  Sparking,"  Electrician^ 
May  21,  1897.  For  a  predetermination  of  the  reversing  field  in  which  the 
short-circuited  coils  must  be  regarded  as  eliminated,  the  following  calculation 
in  detail  is  necessary  ;  but  if  it  is  merely  required  to  determine  the  number  of 
lines  in  the  fringe,  X«  can  be  simply  calculated  from  the  angle  of  lead. 
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Thus  for  each  degree  within  the  angle  of  lead  20  +  55  = 
75  units  of  magnetic  difference  of  potential,  and  for  each 
degree  without  the  angle  of  lead  20  units  have  to  be  de- 
ducted from  the  maximum  difference  of  potential  between 

pole-tip  and  line  of  symmetry,  i.e.  from   ^  ^57  -^. 


TABLE  II. 


Line  of 

Symmetry. 

=  a. 

Length  of 

Path  in 

cm. 

Diff.  of 

Poten- 

tial. 

Col.  3. 
C0L2. 

Deduct 

Symm. 
Induc- 
tion. 

Cross 
M.M.F. 

Cross 
Induc- 
tion. 

Leading 
Indnctioa. 

Thulmg 
Indnc- 

tiOD. 

CP 

14-42 

8,100 

560 

560 

0 

5,180 

359 

_ 

359 

359 

20 

13 

7,950 

611 

504 

107 

5,180 

398 

— 

291 

505 

4** 

11-5 

7,800 

678 

448 

230 

5,180 

450 

— 

220 

680 

(f 

10 

7,650 

765 

392 

373 

5,180!     518 

— 

145 

891 

go 

8-6 

7,500 

872 

336 

536 

5,180'     602 

— 

66 

1,138 

I0» 

7-17 

7,350 

1,025 

280 

745 

5,180 

722 

+ 

23 

1467 

ir 

5-8 

7,310 

1,260 

224 

1,036 

5,050 

870 

+ 

166 

1,906 

140 

4-2 

7,270 

1,730 

168 

1,562 

4,920    1,170 

+ 

392 

2,732 

i6«> 

3 

7,230 

2410 

112 

2,298 

4,790 

1.596 

+ 

702 

3,894 

180 

24 

7,190 

2,990 

56 

2,934 

4,660 

1,940 

+ 

994 

4,874 

20° 

1-95 

7,150 

3,660 

0 

3,660 

4,530 

2,320 

+ 

1,340 

5,980 

220 

17 

7,150 

4,200 

4,200 

4,400 

2,590 

+ 

r,6io 

6,790 

2^- 

1-5 

7,150 

4,760 

4,760 

4,270 

2,850 

+ 

1,910 

7,610 

2(P 

1*44 

7,150 

4,955 

4,955 

4,140 

2,870 

+ 

2,085    7,825 1 

2^ 

1-43 

7,150 

5,000 

5,000 

4,010 

2,8X0 

+ 

2,190 

7,810 

30» 

142 

7,150 

5,040 

5,040 

3,880 

2,730 

+ 

2,310 

7,770 

When  column  6  of  symmetrical  induction  is  plotted 
(thin-line  curve,  Fig.  6)  the  interpolar  induction  is  seen  to 
be  a  concave  curve,  rising  from  zero  on  the  line  of  symmetry 
and  rounding  off  into  the  horizontal  line  of  uniform  density 
under  the  poles. 

The  cross  field  due  to  the  cross  ampere-turns  of  the 
armature  next  has  to  be  superposed  upon  the  weakened 
symmetrical  field.  The  paths  of  the  cross  field  will  be 
approximately  the  same  over  the  air-gaps  as  those  of  the 
symmetrical  field,  and  will  therefore  have  the  same  values  as 
in  the  third  column  of  Table  I.  Up  to  a  =  A  =  lo®  the 
full  number  of  cross  ampere-turns  are  acting,  so  that  the 
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magneto- motive     force     acting    on    a    single    air-gap    is 

1*257  X  -^  ^  -z-^  ^  ~  5180.    After  passing  the  angle 

of  lead,  the  number  of  cross  turns  must  be  reduced  down 
to  zero  on  the  diameter  at  right  angles  to  the  line  of  sym- 

metry ;  hence  for  every  two  degrees  5^ —  x  2  =  130  C.G.S. 

units  (column  7  in  Table  II.)  must  be  deducted.  The 
curve  of  cross-induction  which  results  from  the  above 
(column  8  in  Table  II.  and  dotted  curve  of  Fig.  6)  rises 


h>lu,^ii^!,iAUi--iip      ^^ 

¥       ^H 

Jx?      Ai^i 

*h  id^fk^i >f\ ^ ^^^W  ?t ffl  iQli 

-       f-\-       ,SST               5r 

f^Sd             T 

-           ^S^^       t     t 

^4'^i0^tfnt&U 

'«■       4^  e£           T 

/    Iff'      £12          .''>\l  :     /'■•v 

//^                  fS                r>-       ft             /     ^> 

1^                   r*^.j<^?%'           "iK      /            ^^ 

issii^  " 

^dM^^eSSnahiShin 

^-      r 

W        '-'  ^      "             u 

^^    1" 

A    y  -&               \\ 

~^hI- 

-     '    ^        ~t^                        4^ 

•:jf 

■^'^        _SS                        4 

^°°*        I       ' V 

Fig.  6. 

gradually  as  an  inclined  straight  line  from  zero  at  a  point 
midway  under  a  pole  up  to  a  maximum  just  short  of  the 
pole-tip,  and  then  descends  in  a  concave  curve  to  a  second 
minimum  value  on  the  line  of  symmetry.  The  curve  of 
resultant  field  obtained  by  adding  together  algebraically 
the  ordi nates  of  the  symmetrical  and  cross  field  (columns 
9  and  10  and  thick-line  curve  of  Fig.  6)  shows  the  displace- 
ment of  the  neutral  line  (in  our  case  9J0  forwards) ;  the 
interpolar  field  falls  very  rapidly  from  its  high  value,  Bj 
near  the  trailing  pole-tip,  then  passes  more  gradually 
through  zero,  and  finally  rises  in  a  more  or  less  concave 
curve  to  its  value  B^'  under  the  leading  pole-tip. 

It  may  be  remarked  that  with  a  given  magnet  excitation 
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and  brushes  fixed  on  the  line  of  symmetry,  there  can  be 
no  reduction  in  the  total  field  or  in  the  induced  E.M.F., 
however  much  current  is  taken  out  of  the  armature  and 
however  much  the  field  is  thereby  distorted.  This  is  at 
once  evident  from  consideration  of  the  resultant  field  as 
due  to  the  superposition  of  two  fields.  If  x  cross  lines 
issue  from  the  upper  quadrant  of  the  armature  core  on 
one  side  of  the  symmetrical  line,  they  must  return  into 
the  core  by  the  lower  quadrant  on  the  same  side  of  the 
symmetrical  line  :  hence  the  field  is  as  much  strengthened 
in  one  half  as  it  is  weakened  under  the  other  half  of  the 
same  pole.  This  corresponds  with  experimental  results, 
yet  does  not  seem  to  be  recognised  by  many  writers.  Thus 
in  Engineering,  Sept.  i6th,  1898,  two  curves  obtained  by 
experiment  are  given  by  Messrs.  Parshall  and  Hobart,  A  for 
field  excited  but  with  no  current  in  armature,  B  for  full-load 
current  in  armature  and  brushes  on  the  line  of  symmetry  : 
"  the  distortion  is  then  at  a  maximum,  but  there  is  no  de- 
magnetisation." Yet  the  authors  continue,  "  It  would 
have  been  expected  that  the  distortional  crowding  of  the 
lines  would  have  so  increased  the  maximum  density  as  to 
slightly  diminish  the  total  flux  at  the  excitation  used  ;  this 
excitation  being  maintained  at  a  constant  value  throughout 
the  test.  The  integration  of  curves  A  and  B,  however,  gives 
equal  areas,  consequently  there  was  in  this  case  no  diminu- 
tion of  the  total  flux" — a  result  which  need  cause  no 
surprise.  It  is  true  that  a  symmetrical  distribution  of  the 
field  requires  the  minimum  excitation  or  M.M.F.,  but  when 
there  is  distortion  the  additional  M.M.F.  that  is  required 
by  the  longer  and  more  saturated  paths  of  the  lines  is 
just  what  is  supplied  by  the  cross  ampere -turns  of  the 
armature  and  corresponds  to  the  self-induction  of  the 
armature  winding.  The  only  effect  of  the  saturation  of 
the  iron  of  armature  or  magnet  or  of  the  teeth  in  a 
toothed  core  is  to  cause  any  two  corresponding  portions 
of  the  cross  circuit  to  have  different  permeabilities,  so 
that  the  M.M.F.  of  the  cross  ampere-turns,  instead  of 
being  divided  equally  over  the  two  air-gaps  or  portions 
of  the  cross  circuit,  is  divided  proportionally  to  their 
different  reluctances.  Thus  saturation  of  any  part  of 
the  magnetic  circuit  simply  reduces  the  distortion,  but 
never  reduces  the  total  flux. 
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Next  when  the  brushes  are  given  a  forward  lead  in 
the  dynamo  or  a  backward  trail  in  a  motor,  if  the  effect 
of  the  back  ampere-turns  be  taken  into  account,  as  above, 
in  calculating  the  symmetrical  distribution,  there  is  for  the 
same  reason  no  possibility  of  any  further  reduction,  by 
the  cross  ampere-turns,  of  the  total  flux  of  this  weakened 
symmetrical  field,  however  much  the  distortion  may  be. 
Of  course  if  the  effect  of  the  total  armature  ampere-turns 
on  the  symmetrical  field  due  to  the  field-magnet  winding 
be  traced,  there  is  both  a  diminution  of  the  total  flux  and 
a  distortion  of  it.  In  dealing  with  armature  reaction  it 
is  therefore  important  to  clearly  state  whether  the  effect 
of  the  cross  ampere -turns  on  the  weakened  symmetrical 
field  is  alone  being  traced,  or  the  total  effect  of  the 
armature  on  the  field  of  the  magnet-winding. 

In  Professor  Carus- Wilson's  "  Direct -Current  Motor," 
pp.  269-276,  three  sets  of  curves  are  given  for  a  railway 
motor  at  half  load,  full  load,  and  a  50  per  cent,  overload,  the 
brushes  remaining  fixed  nominally  at  the  no-load  position. 
The  first  two  show  practically  no  reduction  of  area  due 
to  armature  reaction ;  the  third  shows  a  considerable 
reduction,  yet  if  the  brushes  were  originally  fixed  on  the 
neutral  points  of  a  symmetrical  field,  there  should  be  no 
reduction.  The  explanation  is  probably  to  be  found  partly 
in  the  increasing  internal  leakage  of  the  ring  armature,  and 
partly  in  the  unsymmetrical  character  of  the  four -pole 
field,  two  of  the  poles  being  salient  and  carrying  exciting 
coils,  while  the  remaining  consequent  poles  are  unwound. 
The  two  brushes  were  not  exactly  90®  apart,  but  even  so 
were  not  both  on  a  neutral  point  at  no  load.  There  is  in 
fact  no  true  line  of  symmetry  in  the  machine,  and  the 
armature  ampere-turns  were  not  therefore  throughout  the 
experiments  pure  cross  turns,  but  also  possessed  a  de- 
magnetising component.  This  is  indeed  shown  by  the 
curves  of  armature  field  alone ;  in  these  even  for  the 
lowest  value  of  the  current,  when  any  saturation  effect 
must  be  inappreciable,  the  negative  areas  are  larger  than 
the  positive  areas,  although  they  should  be  of  the  same 
size  if  simply  due  to  cross  ampere-turns. 
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II. 


The  results  obtained  by  the  above  method  of  calculating 
the  flux-density  at  different  points  round  the  armature  have 
a  further  application  when  it  is  required  to  determine  the 
total  number  of  lines  which  form  the  fringe  surrounding 
the  polar  faces  and  add  to  the  voltage  of  the  machine  since 
they  are  cut  by  the  armature  conductors.  An  approxima- 
tion which  has  been  commonly  used  expresses  the  fringe 
permeance  as  that  of  an  equivalent  strip  of  air  of  uniform 
width  surrounding  the  pole-face,  the  length  of  patb  through 
it  being  the  same  as  the  normal  Ig,  so  that  when  acted  on 
by  the  difference  of  magnetic  potential  X^  the  normal 
induction  B^^  holds  over  its  full  extent.  It  is,  however, 
advisable  to  divide  the  fringe  into  two  portions,  (A)  the 
interpolar  fringe  along  the  edges  of  the  pole-pieces  parallel 
with  the  axis  of  rotation  in  the  ordinary  ring  or  drum 
dynamo,  and  (B)  the  end-fringe  from  the  flanks  of  the 
poles  into  the  ends  of  the  armature  core. 

The  interpolar  fringe  may  be  calculated  by  integrating 
the  induction  between  the  pole-pieces  as  above  determined. 

The  end-fringe  may  similarly 
be  estimated  by  assuming  the 
path  of  the  lines  into  the 
ends  of  the  core  to  consist  of 


a  straight  portion  Ig  and  a 
portion  of  a  circle  struck 
from  the  pole-edge  as  centre 
(Fig.  7),any  lines  which  spread 
beyond  the  edges  of  the  core  being  neglected.  Let  a  = 
the  distance  in  cm.  by  which  the  core  projects  at  each  end 
beyond  the  pole,  and  let  b  =  the  length  in  cm.  of  the  polar 
arc  reckoned  on  the  mean  periphery  between  armature  core 
and  pole-face.    Then  the  permeance  at  each  end  is 


dx 


k  +  ^ 


where  $  is  again  a  constant  multiplier  dependent  on  the 
angle  which  the  edge  of  the  pole  makes  with  the  surface 
of  the  armature  core. 
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The  integration  of    the  two  divisions  of  the  fringe' 
shows  that  for  dynamos  of    similar  type   the    interpolar 

fringe  is  affected  by  the  ratio  7-,  and  the  end-fringe  by  the 

ratio  J.     The  values  of  these  ratios  do  not  vary  much  with 

the  size  of  the  dynamo,  and  average  values  may  be  taken 
which  hold  within  wide  limits.    Thus  for  the  smooth-core 

armature,  7-  is  very  generally  ==  i,  and  7-  =  4;  the  effective 
air-gap  area  can  then  be  expressed  as 

(L+r2/,)(6  +  i76/,)    .....    (2) 

where  L  =  the  length  of  pole-face  parallel  to  the  axis  of 
rotation,  and  b  =  the  breadth  of  the  polar  arc.  Such 
an  approximate  formula  has  the  advantage  of  indicating 
the  relative  importance  of  the  two  dimensions  L  and  6,. 
and  may  be  compared  with  the  expression  used  by 
Dr.  Hopkinson  in  his  first  paper  on  "Dynamo-Electric 
Machinery,"  viz. :  (L  +  i-6  Ig)  (6  +  1-6  Ig)  ;  the  latter 
giving  Lb  +  v6blg  +  i-6  Llg  +  2*55  //,  and  the  former 
Lb  +  r2  big  +  176  L  /^  +  2'ii  //.  The  divergence  or 
equality  of  the  two  expressions  will  depend  on  the  pro- 
portions of  the  polar  length  and  arc. 

On  passing  from  smooth-core  armatures  with  long  air- 

u  c 

gaps  to  short  air-space  dynamos,  the   ratios  7-  and  7-  are 

usually  considerably  increased,  and  it  is  shown  in  the 
Appendix  that  the  shortening  of  the  air-gap  without  further 
alteration  except  a  proportionate  reduction  of  X^  tends  to 
decrease  the  fringe  lines  expressed  as  a  percentage  of  the 
useful  flux  under  the  poles.  The  change  from  a  long  to  a 
short  air-space  is,  however,  usually  accompanied  by  the  con- 
version of  the  smooth  core  into  a  toothed  core  with  open 
slots,  and  under  these  circumstances  Xj^is  not  reduced  in 
the  same  proportion  as  Ig,  the  amount  of  divergence  being 
dependent  on  the  ratios  of  the  widths  of  slot  and  tooth  to 
the  air-gap.  The  induction  under  the  poles  in  toothed 
armatures  deserves  special  consideration.     If  the  whole  of 

'  For  the  steps  in  the  mathematical  prcx>f   the  reader  is  referred  to 
Appendix. 
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the  area  of  the  air  under  the  pole  be  reckoned  as  in  a 
smooth-core  armature,  and  this  be  divided  by  the  normal 
length  of  the  air-gap,  it  is  evident  that  too  high  a  value 
for  the  permeance  is  obtained ;  for  the  entire  area  of  the 
air-gap  is  thereby  assumed  to  be  uniformly  filled  with  the 
same  density  of  field,  whereas  the  lines  from  the  sides  of 
the  teeth  follow  a  longer  path  than  those  from  the  tips,  and 
so  are  less  dense.  If,  on  the  other  hand,  the  average  area 
of  teeth  and  pole-face  and  the  average  length  of  path  be 
taken  on  the  assumption  that  all  the  lines  enter  into  the 
faces  of  the  teeth,  too  small  a  value  for  the  permeance  is 
obtained,  since  a  large  portion  of  the  air-space  may  not  be 
utilised.    The  following  approximation  has  been  found  by 


Fig.  8. 

the  writers  to  yield  results  which  agree  well  with  experi- 
ment, and  is  suggested  as  a  basis  for  calculating  the 
permeance  of  the  air-gap  in  toothed  armatures.  Let  the 
lines  be  assumed  to  pass  in  straight  paths  from  the  pole- 
face  to  the  face  of  the  teeth,  and  in  straight  lines  joined  by 
arcs  of  circles  to  the  sides  of  the  teeth  within  the  slot 
(Fig.   8).      The    permeance    corresponding    to    a    narrow 

1^  d  X 
strip  at  the  side  of  a  tooth  is  then  rZiT^  »  ^^^  ^®  totnl 

ig  -t  HX 

permeance  of  the  space  between  the  side  of  a  tooth  and 
the  centre  line  of  the  slot  is 


'*3 

2       dx 


ig  +  Kx-  K 


Llo0.i*2Jl2if. 


log, 


2L 


If  the  side  of  the  opening  into  the  slot  be  perpendicular 
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to  the  face  of  the  tooth,  K=~,  and  the  permeance  of  one 
side  of  a  tooth 

^       4/, 
The  total  permeance  of  the  air-gap  under  the  pole  is  there- 
fore 

=  LJ^^a-93log(x +785,^)1  x-,-f_      ...    (3) 

while  the  permeance  of  a  smooth-core  armature  with  the 
same  dimensions  would  be 


Ig  \      Ig        /         ka  + 


V 


A  table '  can  then  be  constructed  for  the  values  of  m,  or 
the  ratio 

/?2    "T    ^3    .    ^ 


±i3:^^+ 2.93102(1  +  785^), 


these  values  being  the  factors  by  which  the  air-gap  perme- 
ance under  the  pole-face  as  calculated  for  a  smooth-core 
armature  must  be  divided  to  obtain  the  corresponding 
permeance  for  a  slotted  armature ;  or  vice  versa,  m  is  the 
factor  by  which  the  X^,  as  calculated  for  a  smooth  core, 
must  be  multiplied  to  obtain  the  X  for  the  toothed  arma- 
ture. 

Finally  it  remains  to  ask  how  far  a  formula  for  the 
useful  fringe  which  is  based  on  a  smooth  armature  will 
hold  good  for  a  toothed  core.  An  inspection  of  Table  IV. 
shows  that  k^  and  A3  remaining  constant,  the  longer  Ig  he- 

comes,' t.d.  the  less  the  ratios  ^and  ^^are,  the  more  nearly 

does  the  air-gap  permeance  of  the  slotted  armature  ap- 
proximate to  that  of  the  smooth  core.  In  other  words,  the 
longer  the  path  of  the  lines  through  the  air  into  the  teeth, 

'  See  Appendix,  Table  IV. 
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the  less  is  the  effect  of  the  broken  surface  of  the  armature. 
Moreover,  Xa  and  Xt  bear  a  larger  proportion  to  X^  in  the 
toothed  armature,  and  the  increase  in  the  fringe  lines  which 
would  result  therefrom  may  be  taken  as  balancing  the  de- 
crease which  there  would  be  close  up  to  the  pole-edges 
owing  to  the  presence  of  the  slots.  The  number  of  fringe 
lines  may  therefore  be  taken  as  the  same  in  smooth-core 
and  in  slotted  armatures  for  the  same  value  of  X^,  The 
problem  that  is. presented  to  the  dynamo  designer  is,  how- 
ever, to  calculate  the  value  of  X^for  a  given  total  number 
of  lines  Zg  in  the  air-gap  both  under  and  outside  the  pole- 
face.  In  order  then  to  be  able  to  divide  the  total  permeance 
by  tn  as  given  ii^  Table  IV.,  we  must  first  multiply  /'  and  b\ 
or  the  constants  Ki  and  Kg  of  Tables  II.  and  III.'  by  m  ; 
for 

Lb 
m  ^  '  '  '        m 


-i-(L+  2/'m)(6  +  2  6'm)  =  — +  2/'6  +  2L6'  +  ^V  b' m. 


This  operation  produces  the  required  effect  except  in 
regard  to  the  corner  fringe  lines,  but  as  these  form  but  a 
small  proportion  of  the  whole,  the  error  thereby  introduced 
may  be  neglected.  The  total  air-gap  permeance  of  a 
toothed  armature  may  then  be  conveniently  expressed  as 

m  Ig  ' 

while  the  average  induction  under  the  pole-face  or  the 
quotient  of  the  total  useful  flux  divided  by  the  effective 
area  of  the  air-gap  is  the  same  both  in  the  smooth  and 
slotted  armature,  viz., 

Zg 

^^"-(L+  K,lg){b  +  K..lg) 

APPENDIX. 

A.— Interpolar  Fringe. 

By  equation  (i)  the  difference  of  magnetic  potential  between  the 
pole-tip  and  any  point  A  distant  from  the  line  of  symmetry  x  cm. 
(Fig.  9)  is 

»  See  Appendix. 
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where  d  is  the  distance  measured  on  the  periphery  of  the  core  cor- 
responding  to  the  angle  of  lead,  and  the  last  term  is  no  longer  to  be 
reckoned  when  x=:d.  The  length  of  path  of  the  lines  is  ((c— *)  +  /^ 
the  slight  inaccuracy  in  this  assumption  which  has  been  pointed  out 
being  negligible  in  its  effect  on  the  total.  Hence  the  lines  of  the 
fringe  along  the  pole-edge  of  length  L  and  entering  any  small  strip  of 
width  d  X  parallel  to  the  pole-edge  and  passing  through  A  are 


1-257  (^'  +  ^>"-^^-+  X*(d_-^)\  L,;., 

\  2  2  C  2d       / 


«(^-^)  +  ^^ 


IZST^^.^Zlf.Ld^, 


2(Ct-|-/^)         C 


the  latter  term  being  approximately  the  deduction  which  must  be 


Fig.  9. 

made  to  allow  for  the  influence  of  the  opposite  pole.    This  negative 
term  may  be  summed  up  at  once  as 

1*257  X^.c^, 

The  other  items  may  best  be  summed  up  separately  ;  thus 

0 
1-257 X^.L  r  dx  ^r257X^.L    2^     j      jc+l, 

2  J   (5c  +  /,)-5^  2  '    li    '      ^      I, 

c 
0 
r257X, .  L  f     {c^x)dx    ^  r257 X«^L    1^/2.3/^  wifjtJr^ 
2c         J   (5c  +  /^)-5a:  2C         '^V  «     '     ^      /^      / 

c 
and 

0 
1-257 X^.L   f    {d'-x)dx 
2d      ~J  (^c  +  y-^jr 

,1-257 X,.L.  i/^^_^'3|g(^~^+lr}  .  gc+/^     \ 
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Thus  the  total  number  of  lines  in  the  two  interpolar  fringes  is 


B. — The  End  Fringe. 
The  permeance  at  each  end  of  the  armature  is 
a 


b{  -^^^=.^  lo&^"  +  '^ 


and  this  is  acted  on  by  L?SZihr  throughout.     The  angle  which  the 

2 

edge  of  the  pole  makes  with  the  surface  of  the  armature  is  usually  90^* 

as  shown  in  Fig.  7,  whence  5  =  -,  and  the  permeance  of  both  ends 

2 

combined  is 

IT  \  2        i^/ 

=  2.93  6. log  (1  + 1-57 '1). 

Thus  the  total  number  of  lines  in  both  the  side  and  end  fringes  of  a 
pole  are 

.■.S7[x,{2Klog(,  +  r57^^)xl.  +  '^log(.+^)xL} 


X^.c 


-] 


XL....  (4) 


If  Ig  and  X,  arc  reduced  in  the  same  proportion,  ue,  if  the  dynamo 
be  converted  from  a  long-air-space  to  a  short-air-space  machine  with- 
out further  alteration,  the  end  permeance  and  the  first  item  of  the 
interpolar  fringe  are  by  no  means  increased  in  proportion,  so  that  the 
percentage  of  useful  lines  outside  the  bored  face  of  the  pole  decreases. 
On  the  other  hand,  X^  and  X*  remain  the  same,  and  l^  in  the  minui) 
quantity  of  the  third  or  X^  item  is  decreased  more  than  the  logarithms 
are  increased,  so  that  the  third  item  increases.  So,  too,  the  last  minus 
item  is  considerably  decreased.      Hence  on  the  whole  there   is  a 
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decrease  in  the  percentage  of  useful  lines  due  to  the  fringe,  but  this 
effect  is  not  so  marked  as  might  at  first  sight  be  supposed. 

Since  for  approximate  purposes  we  may  neglect  X^  and  X^  in 
comparison  with  X,  in  dynamos  with  smooth  core  and  long-air-space, 
in  which  case  X^  becomes  equal  to  X^  the  complete  expression  for  the 
total  number  of  useful  lines  entering  the  armature  core  both  under- 
neath the  polar  face  and  outside  of  it  may  be  put  in  the  simpler  form 


1-257  ■/  L17  +  2'93  log  ( I  +  i'57-|)  * 


(5) 


The  expression  within  the  brackets  [  ]  gives  the  total  permeance  of 
one  sdr-gap  as  so  far  determined,  and  may  also  be  written 

^  j^L.  6  +  2-93log  (i  +  1-57^)  fr  •  (f 
In  Fig.  10  let  the  central  rectangle  A  have  sides  of  length  L  and  b 


^ 

4    c 

^ 

f 

A 

1 

1                   - 

1 
1 

t 

'^M 

4     e 

''4M 

Fig.  10. 

respectively.  Its  area  will  then  represent  the  first  term  within  the 
bracket.  Produce  the  "L"  sides  of  A  in  both  directions  for  a 
distance 


'■.=-|3,og(.  +  ..57f) 


so  as  to  form  the  two  rectangles  B,  B.  This  distance  V  is  then  the 
effective  width  of  the  end  fringe  if  the  lines  be  supposed  to  have  a 
path  uniformly  of  the  normal  length  lg\  and  the  area  of  the  two 
rectangles  together 

=  2-93log(i-h  1-575:)  ^-  '/» 
which  is  the  second  term  of  the  bracket.    Similarly  by  making 

Digitized  by  LjOOQ  IC 


456 


HAWKINS  AND  WIGHTMAN :  AIR-GAP  INDUCTION 


the  area  of  the  two  rectangles  C,  C  together  equal  to  the  third  term 
is  obtained,  b'  being  the  effective  width  of  the  interpolar  fringe. 

The  figure  thus  obtained  is  a  complete  rectangle  less  the  four 
corners  shown  shaded.    These  corners  with* a  very  near  degree  of 

approximation  represent  y   x  the  permeance  of  the  corner  fringes, 

which  have  hitherto  not  been  taken  into  consideration.    The  area  of 
the  complete  rectangle  thus  gives  the  total  air-gap  permeance  divided 

=  l{  L+r93  log  (r+x-57t)  'r\  {  *+(f  'og  ('+7^)-!^)  ''  } 
=  i|L  +  K..;,f  {6  +  K,./,J (6) 

and  B,  or  the  quotient  of  the  total  useful  flux  divided  by  the  effective 
area  of  the  gap  is 

(L  +  K.  V)  (6  +  K,  U)' 

a  c 

The  following  tables  of  K,  and  Ka  for  varying  values  of  7-  and  7-  are 

then  convenient  for  quickly  calculating  the  effective  widths  of  the 
fringes. 


TABLE  II. 


100 

125 

1*5 

175 

200 


Values  of  K,  =  293  log  (  i  +  1-57  ^) 


1-2 
138 

1-68 
i-8i 
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(■ 

Values  c 

rf  K         4"^  lo 

.  /, .  ^\ 

c 

^''^'T'^n  "'^r 

lr  +  <r 

¥ 

1=1-6 

1-8 

2 

i'2 

167 

a-4 

3-6 

4 

1-96 

1-85 

176 

1-59 

1-52 

5 

219 

206 

195 

vH 

175 

1-67 

6 

2-38 

223 

210 

1-99 

1-89 

r8o 

7 

2-56 

2-39 

2-25 

212 

201 

1-91      j 

8 

270 

2-52 

2-37 

224 

212 

1 
201      1 

1 

For  smooth-core  armatures  the  average  values  are  7-  =  i,  ^  =  2, 
and  7-  =  4,  whence  the  virtual  air-gap  area  is 

(L+  1-2^(6  +  176/^) (2) 


TABLE   IV. 

Values  of  m. 


*3 

*» 

'z 

'r 

■5 

75 

i-o 

1-25 

1-5 

175 

2-0 

•5 

109 

107 

106 

105 

104 

104 

103 

75 

115 

112 

IIO 

109 

108 

107 

106 

I -00 

I-2I 

ri8 

115 

113 

1J2 

III 

IIO 

125 

1-28 

1-24 

I-2I 

ri8 

ri6 

I-I5 

113 

1*5 

1-34 

129 

1-26 

1-23 

'       1-21 

119 

117 

175 

1-41 

1*35 

1-31 

1-28 

1-25 

1-23 

I-2I 

20 

1-47 

1-41 

136 

I  "33 

1-30 

1-27 

1-25 

Owing  to  the  necessity  of  avoiding  eddy-currents  in  the  pole-pieces 
h 
the  maximum  value  of  -=^  should  not  exceed  2,  and  the  minimum  value 


to  avoid  too  much  inductance  will  not  be  less  than  say  '5. 
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1.  The  Institution's  Library  is  open  to  members  of  all 

Scientific  Bodies,  and  (on  application  to  the  Secre- 
tary) to  the  Public  generally. 

2.  The  Library  is  open  (except  from  the  14th  August  to 
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11.0  a.m.  and  8.0  p.m.,  except  on  Thursdays,  and 
on  Saturdays,  when  it  closes  at  2.0  p.m. 
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OF  THE 


InstitMtkn  ai  €itdxml  Engineers, 

Founded  1871.       Incorporated  1883. 
Vol.  XXIX.  1900.  No.  145. 


The  Three  Hundred  and  Forty-Fourth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  25,  Great  George  Street,  Westminster, 
on  Thursday  evening,  March  22nd,  1900,  Professor 
J.  Perry,  F.R.S.,  Vice-President,  in  the  Chair. 

The  Minutes  of  the  Ordinary  General  Meeting  held  on 
March  8th,  1900,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  the 
list  should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associate  Members  to  that  of 
Members — 

Charles  Sheldon  Thomson,  M.Sc. 
From  the  class  of  Associates  to  that  of  Members — 

August  Eckstein. 
From  the  class  of  Students  to  that  of  Associates — 

William  Stuart  Boyd. 
Claud  Crompton. 
James  Albert  Seager. 

Messrs.  J.  Roberts  and  H.  M.  Sayers  were  appointed 
scrutineers  of  the  ballot  for  new  members. 

Donations  to  the  Benevolent  Fund  were  announced  as 
having  been  received  since  the  Annual  General  Meeting  on 
February  9th,  amounting  to   ;^I58   i6s.   6d,  in  all,  from 

YOU  XXIX.  82 
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Dr.  F.  H.  Bowman  ;  W.  T.  Henley's  Telegraph  Works 
Company,  Limited  ;  The  Incandescent  Electric  Lamp 
Company,  Limited  ;  The  Aron  Electricity  Meter,  Limited  ; 
Professor  Aron  ;  The  General  Electric  Company,  Limited  ; 
Messrs,  Falk,  Sladelmann  &  Co. ;  Messrs.  P.  Ormiston 
&  Co. ;  Mr.  H.  Edmunds,  Mr.  S.  W.  Martyn ;  The  British 
Insulated  Wire  Company,  Mr.  H.  Hellman,  Messrs.  S.  Heine 
Brothers,  Messrs.  J.  C.  Fuller  &  Sons,  Messrs.  Pinckbeck 
Brothers,  The  Sloan  Electric  Company,  Hooper's  Telegraph 
Works  Company,  Limited ;  Mr.  F.  Samuelson,  Messrs.  E. 
Matthews  &  Co.,  and  Mr.  Allan  F.  Beach. 

Donations  to  the  Building  Fund  were  announced  as 
having  been  received  since  the  last  meeting  from  Messrs. 
B.  Balaji,  R.  J.  Browne,  T.  B.  Murray,  and  Edward  Dixon. 

The  thanks  of  the  meeting  were  accorded  to  the 
donors. 

STORAGE  BATTERY  PROBLEMS. 

By  E.  J.  Wade,  Associate. 

PART  I. 

Every  one  who  has  given  any  thought  to  the  principles 
underlying  the  chemical  storage  of  electrical  energy  must 
at  some  time  or  another  have  been  struck  by  the  extraordi- 
nary fact  that  in  spite  of  the  theoretical  reversibility  of 
every  galvanic  combination — and  their  name  is  legion — yet 
one  and  one  only  out  of  the  whole  number  is  commercially 
feasible  ;  so  that  at  the  present  day  storage  cells  may  at  once 
be  classified  thus  : — 

Practical :  Lead — sulphuric  acid — lead  peroxide  cells. 

Unpractical  :  All  others. 

Such,  however,  being  the  state  of  affairs,  it  appears  a 
fairly  safe  inference  that  this  special  combination  must 
possess  distinctive  features  not  shared  by  any  other,  or  at 
least  by  any  other  whose  cost  is  not  prohibitive ;  and  on 
examination  this  soon  proves  to  be  the  case. 

Several  noteworthy  features,  each  contributing  towards 
its  success,  might  be  cited ;  but  the  really  unique  cha- 
racteristic of  the  combination  as  a  whole  lies  in  the  fact 
that  the  electrodes,  the  active  materials,  and  the  compounds 
produced  from  them  are,  under  every  normal  condition 
of  use,  all  insoluble  in  the  electrolyte  employed. 
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In  every  other  galvanic  combination  with  which  com- 
mercial storage  has  been  attempted,  one  or  both  of  the 
electrodes  or  active  materials  have  been  soluble,  and  this 
solubility  has  in  the  long  run  invariably  proved  fatal.  If  a 
soluble  negative  is  used,  and  the  majority  of  the  attempts 
made  have  been  in  this  direction  by  substituting  zinc  for 
lead,  the  metal  can  only  be  redeposited  effectively  under 
certain  conditions,  and  for  a  limited  number  of  times.  If 
the  positive  is  soluble,  as  for  instance  in  the  early  attempt  of 
Messrs.  Thompson  &  Houston  to  adapt  the  Daniell  cell  to 
storage  purposes,  there  is  the  additional  trouble  that  its 
soluble  salt  inevitably  reaches  sooner  or  later  to  the 
negative  electrode,  where  it  is  also  deposited  and  sets  up 
destructive  local  action.  The  latter  objection  of  course 
applies  to  all  kinds  of  fluid  depolarising  agents. 

For  these  amongst  other  reasons,  the  difficulties  in  the 
way  of  constructing  successful  storage  cells  with  soluble 
electrodes  have  up  till  now  proved  insurmountable ;  while 
a  second  combination  which  follows  the  lines  of  the  lead 
accumulator  and  only  forms  insoluble  compounds  at  both 
poles  yet  remains  to  be  discovered.  So  advantageous, 
however,  to  the  electrical  industry  might  be  the  results 
attending  the  introduction  of  an  altogether  new  type  of  cell, 
possessed  of  greater  capabilities  than  those  now  in  use,  and 
so  considerable  should  be  the  reward  of  its  inventor,  that 
the  subject  well  merits  further  investigation  and  experiment 
in  both  directions  ;  but  I  incline  to  the  apparently  para- 
doxical opinion  that  the  solution  of  the  problem,  if  any, 
will  be  an  insoluble  one.  Also,  I  think  that  considering 
the  extent  to  which  the  field  has  already  been  worked  over, 
success  is  most  likely  to  be  attained  by  the  utilisation  of 
some  of  the  less  studied  and  more  obscure  reactions  into 
which  the  metals  enter. 

On  turning  our  attention  again  to  the  lead — sulphuric 
acid — lead  peroxide  combination,  the  storage  cell  f>f  com- 
merce, a  second  remarkable  fact  encounters  us.  We  find 
that  although  these  cells  have  now  been  manufactured 
and  used  on  a  large  commercial  scale  for  close  upon  twenty 
years,  and  during  that  time  have  been  the  subject  of 
frequent  laboratory  investigations,  it  is  not  yet  definitely 
settled  what  are  the  exact  physical  and  chemical  changes 
taking  place  in  them.    Now  this  is  a  most  unsatisfactory 
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state  of  affairs.  If,  as  is  not  impossible,  we  may  always 
have  to  depend  on  this  one  combination  for  all  practical 
electric  storage,  it  becomes  of  the  greatest  importance  to 
determine  whether  its  capabilities  have  already  been 
developed  to  their  utmost  limits  ;  or,  if  not,  in  what  direc- 
tions further  advances  are  possible  ;  but  how  can  this  be 
done  without  any  certain  basis  to  work  from  ? 

The  last  fifteen  years  have  witnessed  more  improvements 
in  lead  accumulators  than  might  at  first  sight  be  apparent 
from  an  inspection  of  the  cells  themselves,  for  they  have 
consisted  not  so  much  in  any  radical  alterations  of  type,  as 
in  a  Jjetter  understanding  of  the  methods  of  treatment,  the 
processes  of  manufacture  and  the  proper  proportions  and 
relations  of  the  various  component  parts.  A  general  re- 
adjustment, in  fact,  of  many  details  all  tending  towards  one 
common  end,  and  resulting  in  an  apparatus  far  better  able 
to  meet  the  requirements  of  its  users. 

On  the  other  hand  there  are  indications  that  empirical 
experimenting  has  nearly  reached  its  limits,  for  I  do  not 
think  that  many  of  these  improvements  have  been  made 
very  recently.  It  is  true  that  within  the  last  few  years  there 
have  been  numerous  attempts,  as  the  Patent  Office  records 
bear  eloquent  witness,  to  reduce  the  weight  of  the  cells  in 
order  better  to  adapt  them  for  traction  purposes  generally, 
but  more  especially  for  use  in  electric  automobiles.  Time 
and  trial  have  already  pronounced  their  judgment  on  most 
of  them.  A  few  survive,  but  whether  their  sum  total  of 
usefulness  shows  any  increase  over  earlier  types  appears  to 
be  doubtful.  It  has,  of  course,  long  been  known  that 
weight  could  be  considerably  reduced  at  the  expense  of  life 
and  durability,  if  circumstances  rendered  it  desirable  to  do 
so ;  but  unless  the  one  factor  is  improved  without  depre- 
ciating the  other,  that  in  itself  hardly  constitutes  any  real 
advance.  On  this  question  of  weight  versus  durability, 
howeveft*,  the  views  of  members  who  have  had  actual 
experience  with  the  later  and  lighter  types  of  cells  would  b>e 
of  much  use  and  value. 

The  preceding  considerations  must  be  my  excuse  for 
devoting  a  considerable  portion  of  this  paper  to  a  discussion 
of  some  of  the  theoretical  and  chemical  questions  connected 
with  lead  cells ;  for  if  I  can  help  to  throw  light,  or  be  the 
means  of  getting  any  further  light  thrown  on  this  part  of 
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the  subject,  I  may  after  all  be  doing  the  most  practical 
service  possible. 

Personally  I  have  no  doubt  that,  as  far  as  any  explana- 
tion based  solely  on  the  results  of  chemical  analysis  can 
help  us,  the  "  double  sulphation  "  theory  gives  the  nearest 
approximation  to  what  does  or  should  take  place  on 
discharge.  Put  shortly,  this  theory  maintains  that  on 
discharge,  lead  at  the  negative  and  lead  peroxide  at 
the  positive  react  with  sulphuric  acid  in  the  electrolyte 
and  are  both  converted  into  normal  lead  sulphate,  water 
being  eliminated  at  the  positive  ;  and  the  reactions  are 
expressed  chemically  in  the  following  well-known  equa- 
tions : — 

At  the  negative  electrode — 

Pb  +  SO4  =  PbS04  ; 
at  the  positive  electrode — 

PbOa  +  Ha  +  HaS04  =  PbS04  +  zHaO  ; 
and  the  sum  of  the  reactions  at  both  electrodes — 
Pb  +  2H3SO4  +  PbOa  =  2PbS04  +  2H2O. 

I  have  advisedly  said  that  this  is  the  "  nearest  approxi- 
mation "  to  the  discharge  reactions,  for  the  above  statements, 
if  taken  literally  and  without  considerable  mental  reserva- 
tions, especially  with  regard  to  the  very  definite  facts 
embodied  in  the  equations,  are  probably  inaccurate,  and 
certainly  open  to  question  in  nearly  every  particular. 

In  the  first  place,  it  is  doubtful  whether  negative  active 
material  is  simply  lead,  Pb,  using  the  word  and  symbol 
without  any  qualification  and  in  their  usual  sense  as  applied 
to  the  ordinary  metallic  form  of  that  substance.  If  for  a 
negative  electrode  of  spongy  metal  electrolytically  prepared, 
we  substitute  one  containing  metallic  lead  in  as  fine  a 
state  of  subdivision  as  it  is  possible  to  procure  it  by  purely 
mechanical  means,  such,  for  instance,  as  lead  dust  or  lead 
wool,  no  practical  storage  capacity  can  be  obtained.  The 
evidence  seems  to  show  that  the  spongy  lead  at  the 
negative,  in  addition  to  its  extreme  porosity,  possesses 
distinctive  chemical  properties  and  is    a    true    allotropic 
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modification  which  enters  into  combination  somewhat 
differently  to  how  lead  does  in  its  normal  condition. 

M.  Darrieus,  who  was,  I  believe,  the  first  to  propound 
this  view  of  the  nature  of  the  negative  active  material,  has 
shown  that  the  E.M.F.  of  various  galvanic  combinations  in 
which  electrolytically  prepared  lead  is  employed  is  '3  to  '4 
volts  higher  than  that  obtained  by  substituting  ordinary 
sheet  metal.  This  proves  that  the  former  must  be  in  an 
abnormally  active  state;  and  the  same  fact  is  shown 
chemically  by  the  extreme  readiness  with  which  negative 
active  material  oxidises  when  exposed  to  the  action  of  the 
air,  the  combination  taking  place  so  rapidly  that  the  heat 
liberated  very  considerably  raises  the  temperature  of  the 
electrode. 

Secondly,  there  is  some  reason  for  believing  that  the 
positive  active  material  is  not  normal  lead  peroxide,  PbOa, 
if  we  adapt  as  our  standard  for  that  compound  the  residue 
left  after  treating  red  lead  with  dilute  nitric  acid,  which 
certainly  has  a  proportional  composition  agreeing  with  this 
formula.  Mr.  FitzGerald  drew  attention  to  the  point  in 
1890,  the  evidence  being  of  a  somewhat  similar  nature  to 
that  just  adduced  in  the  case  of  the  negative  active  material, 
namely  a  difference  in  the  E.M.F.s  generated  by  the  two 
substances.  The  probability  is  therefore  suggested  that  the 
crystalline  electrolytically  prepared  peroxide  of  a  positive 
electrode  is  also  an  allotropic  modification  and  not 
identical  with  the  amorphous  anhydrous  peroxide  obtained 
by  chemical  means ;  but  in  this  case  the  matter  is  com- 
plicated by  Mr.  FitzGerald's  further  observation  that,  as  far 
as  his  experience  goes,  the  electrolytic  peroxide  is  always 
hydrated.  While  then,  for  lack  of  more  definite  knowledge, 
still  using  the  formula  PbOg,  it  must  be  considered  only 
provisionally  correct. 

Thirdly,  the  usual  equations  are  very  misleading  as  to 
the  nature  and  composition  of  the  discharge  products. 
Quite  apart  from  the  confirmation  afforded  by  analysis,  the 
most  casual  examination  shows  that  the  active  materials 
are  never  fully  sulphated  by  the  time  the  discharge  is 
completed,  no  matter  under  what  conditions  it  is  taken 
nor  how  small  the  quantity  of  active  material  employed. 
Even  with  the  merest  films  of  spongy  lead  and  lead  per- 
oxide the  same  fact  is  patent  to  the  eye. 
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This  is  indeed  only  one  aspect  of  the  more  general 
objection  which  has  been  urged  by  Mr.  FitzGerald  for 
many  years  past,  that  the  very  definite  discharge  equation 
must  have  some  equally  definite  E.M.F.  corresponding  to 
it,  no  matter  what  may  be  its  absolute  value ;  whereas  the 
E.M.F.  of  a  discharging  cell  is  a  constantly  varying  one. 
Even  granting  that  the  small  but  rapid  drop  of  E.M.F. 
generally  observed  during  the  first  few  minutes  of  a  dis- 
charge is  the  result  of  special  reactions  not  allowed  for  in 
the  equation,  and  that  the  complete  and  sudden  loss  of 
voltage  which  ends  the  discharge  is  also  brought  about  by 
causes  beyond  its  scope,  yet  the  fact  remains  that  through- 
out the  normal  and  useful  portion  of  the  discharge  lying 
between  these  two,  the  E.M.F.  is  slowly  but  steadily  falling 
all  the  time. 

Even  the  assumption  of  the  partial  conversion  of  either 
of  the  active  materials  into  normal  lead  sulphate,  PbS04, 
under  ordinary  discharge  conditions,  is  not  to  be  recon- 
ciled with  their  observed  behaviour,  which  is  in  many 
respects  incompatible  with  the  presence  of  large  per- 
centages of  that  substance.  To  instance  one.  Normal 
lead  sulphate  is  probably  quite  irreducible  if  not  un- 
peroxidisable,  in  a  dilute  sulphuric  acid  electrolyte  of  the 
strength  ordinarily  used  in  storage  cells,  provided  all  the 
tnaierials  are  absolutely  pure,  for  the  smallest  traces  of 
impurities  make  a  remarkable  difference  in  this  respect. 
But  however  that  may  be,  there  is  no  doubt  as  to  its 
being  acted  upon  with  extreme  slowness,  under  the  most 
favourable  conditions  in  admixture  with  other  materials 
of  a  more  conductive  nature,  and  then  only  with  an 
excessive  outlay  of  energy  in  proportion  to  the  result 
obtained  ;  whereas  both  the  active  materials  can  be 
brought  back  to  their  original  states  of  lead  and  lead 
peroxide  with  great  rapidity  and  the  expenditure  of  very 
little  more  current  than  is  theoretically  necessary.  This 
discrepancy,  as  well  as  the  almost  complete  masking  of 
other  properties  of  the  normal  sulphate,  can  hardly  be 
explained  as  due  to  its  state  of  extreme  subdivision  and 
intimate  admixture  with  unaltered  active  material,  for  under 
certain  well-known  conditions  of  treatment  it  does  appear 
in  full  possession  of  its  distinctive  colour  and  with  its  non- 
conductivity  and  irreducibility  aggressively  in  evidence. 

Digitized  by  VjOOQ  IC 


466  WADE:  STORAGE  BATTERY  PROBLEMS.    [March  22nd, 

A  good  deal  more  might  be  said  as  to  these  and  other 
reasons  which  forbid  our  accepting  the  double  sulphation 
theory  in  its  simplest  form  except  as  a  purely  provisional 
statement ;  but  without  stopping  to  discuss  them  further, 
I  will  give  a  very  brief  summary  of  what  I  believe  to  be 
the  real  nature  of  the  various  changes  that  go  on  in  the 
cells. 

Commencement  of  Discharge, — The  active  materials  of 
fully  charged  negative  and  positive  electrodes  consist  of 
lead  and  lead  peroxide  respectively,  but  both  in  allotropic  or 
polymeric  states,  and  possessed  of  a  molecular  structure  far 
more  complex  than  is  represented  by  the  formulce  Pb  and 
PbOa. 

Normal  Discharge. — On  discharge,  no  molecules  of  lead 
or  lead  peroxide  are  wholly  and  directly  converted  into 
normal  lead  sulphate ;  but,  still  maintaining  their  complex 
molecular  structure,  they  pass  through  a  long  series  of  true 
compounds  containing  SO4  in  gradually  increasing  pro- 
portions. In  this  way,  no  portion  of  the  active  materials 
loses  its  conductivity  nor  is  cut  off  from  electrical  con- 
nection with  the  remainder,  and  its  easy  and  rapid 
desulphation  on  recharge  is  thereby  provided  for. 

End  of  Discharge. — This  absorption  of  SO4  does  not  and 
cannot  go  on  until  the  molecules  are  fully  sulphated, 
because  at  some  intermediate  stage  their  electrical  resist- 
ance, which  previously  has  only  been  increasing  slowly, 
commences  to  go  up  with  extreme  rapidity.  This  change 
is  necessarily  accompanied  by  an  equally  sudden  and  rapid 
fall  in  the  cell's  potential  difference,  which  soon  passes 
below  the  usual  limiting  value ;  but  if  the  circuit  is  still 
maintained  the  internal  resistance  goes  on  rising,  and  in  a 
short  time  the  potential  difference  is  reduced  practically  to 
zero.  Most  probably  the  rapid  acceleration  of  resistance 
sets  in  when  the  molecules  of  active  material  have  attained 
the  respective  proportional  compositions  Pb202S04  and 
Pb2S04. 

Reversal. — If  the  current  is  kept  flowing  through  the  cell 
by  means  of  an  external  E.M.F.,  reversal  now  commences. 
No  further  sulphation  of  the  active  materials  takes  place, 
the  proportion  of  SO4  present  in  the  molecules  remaining 
constant  throughout  this  stage,  but  lead  gradually  passes 
over  to  peroxide  at  the   negative,  and  vice  versd  at  the 
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positive,  until  their  composition,  as  given  above,  is  exactly 
reversed.  Here  again  the  change  is  only  effected  through  a 
whole  series  of  intermediate  compounds,  and  the  molecules 
retain  their  complex  structure  intact. 

Recharge, — The  recharge  of  a  cell,  whether  in  continua- 
tion of  the  reversal  or  as  the  normal  charge  following  on  a 
discharge,  consists  essentially  in  the  gradual  withdrawal  of 
SO4  from  the  molecules  until  allotropic  lead  and  lead 
peroxide  are  again  reproduced.  Other  reactions  on  charge 
are  only  incidental  so  far  as  the  active  materials  are 
concerned. 

"  SulphatingJ* — Using  this  word  in  its  well-understood 
technical  sense,  sulphating  consists  in  the  breaking  up  of 
the  complex  molecules,  containing  more  or  less  SO4,  into  a 
number  of  simpler  and  independent  molecules  of  normal 
lead  sulphate  and  of  lead  or  lead  peroxide.  This  rearrange- 
ment of  structure  destroys  the  continuity  and  conductivity 
of  the  active  material,  and  at  the  positive,  if  not  at  both 
electrodes,  is  accompanied  by  an  increase  in  bulk  which 
may  lead  to  the  breaking  up  of  itself  and  its  support. 
Nothing  further  is  needed  to  bring  about  this  change  than 
rest  on  open  circuit ;  but  the  instability  of  the  compounds 
appears  to  be  largely  proportional  to  the  percentage  of  SO4 
present  either  in  the  active  materials  or  in  the  electrolyte  ; 
that  is  to  say,  it  increases  with  the  extent  to  which  the  cell 
is  discharged  and  with  the  strength  of  acid  used  in  it. 
Probably  local  action,  due  to  impurities  and  other  causes, 
plays  an  important  part  in  facilitating  the  same  result ;  and 
a  still  more  favourable  condition  is  the  excessive  weakening 
of  the  acid  electroljrte  in  the  pores  of  the  active  materials 
during  discharge. 

It  will  be  observed  that  the  foregoing  views  are  entirely 
based  on  the  possibility  of  the  active  materials  existing  in 
two  distinct  molecular  states  ;  an  allotropic  one  involving  a 
complex  structure  and,  although  unstable,  corresponding  to 
the  normal  and  healthy  working  condition  of  the  cell,  and 
a  simpler  and  more  stable  one,  but  identical  with  the 
undoubtedly  deleterious  condition  known  as  "sulphated." 
From  its  very  nature  direct  proof  of  this  assumption  is 
"almost  impossible,  and  as  the  indirect  arguments  are  mostly 
theoretical  and  require  a  consideration  of  some  of  the 
purely  chemical  characteristics  of  the  lead  compounds,  I 

Digitized  by  VjOOQ  IC 


468  WADE:  STORAGE  BATTERY  PROBLEMS.     [March  22nd, 

have  dealt  with  them  separately  in  the  second  part  of  this 
paper.  In  it  I  have  also  traced  out  in  more  detail  the 
different  changes  that  must  ensue  in  the  cell  according  to 
this  hypothesis,  for  the  way  in  which  it  enables  us  to  furnish 
a  consistent  and  reasonable  explanation  of  the  cell's  be- 
haviour in  every  respect  appears  to  me  to  furnish  one 
of  the  strongest  arguments  in  its  own  support. 

One  obvious  objection  to  the  theory  may  be  referred  to 
here.  Involving,  as  it  does,  the  formation  of  numerous 
sulphated  lead  compounds  of  indefinite  composition,  it  runs 
counter  to  the  usual  text-book  chemistry,  which  draws  an 
absolutely  hard  and  fast  line  between  chemical  compounds 
and  mechanical  mixtures.  In  recent  years,  however,  the 
rapid  advances  made  in  our  knowledge  of  physical  chemistry 
have  provided  much  evidence  obtained  from  very  different 
sources,  such  as  the  properties  and  behaviour  of  allojrs  and 
of  aqueous  solutions,  all  tending  to  prove  that  substances 
may  exist  whose  components  do  not  apparently  follow  the 
law  of  combination  in  multiple  proportions,  and  yet  must 
in  other  respects  be  regarded  as  true  molecular  and 
chemical  compounds.  Of  this  nature  are  the  compounds 
normally  formed  during  the  discharge,  reversal,  and  re- 
charge of  a  lead  cell. 

From  this  basis  of  theory  we  can  now  proceed  to  the 
consideration  of  some  points  of  more  direct  practical 
importance.  In  the  first  place,  if  it  is  true  that  the  mole- 
cules of  active  material  inevitably  cease  liberating  electrical 
energy  when  they  are  about  50  per  cent,  sulphated  (giving 
on  analysis  44  per  cent,  by  weight  of  unaltered  peroxide 
at  the  positive,  and  40*5  per  cent,  of  uncombined  lead 
at  the  negative),  owing  to  a  sudden  and  large  increase  in 
their  electrical  resistance  •  at  that  stage ;  then  the  actual 
performance  of  commercial  storage  cells  approaches  far 
nearer  to  the  theoretically  possible  maximum  than  has 
hitherto  been  supposed. 

If  it  could  be  effected  electrically,  the  complete  sulphation 
of  I  lb.  of  lead  would  liberate  118*5  ampere-hours,  and 
the  complete  reduction  to  sulphate  of  i  lb.  of  lead  per- 
oxide, 102*5  ampere-hours  ;  but  I  consider  that  the  real 
standard  of  perfection  should  be  just  half  these  values, 
that  is  59*25  and  51*25  ampere-hours  respectively.  (The 
figures  for  the  peroxide  are  based  on  the  assumption  that  its 
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proportional  composition  is  PbOa :  if  it  is  hydrated  its 
possible  output  will  be  slightly  less.) 

The  active  materials  of  well  designed  and  properly 
formed  Plants  type  electrodes  do,  I  think,  often  approximate 
to  these  outputs  when  discharging  at  low  rates,  say  in  nine 
to  twelve  hours  ;  and,  judging  from  the  analyses  of  the  posi- 
tive paste  in  the  E.P.S.  cell  tested  by  Professor  Ajrrton  in 
1890,  the  active  material  of  Faure  type  electrodes  is  also 
capable  of  doing  so  ;  but  in  this  special  instance  the  previous 
treatment  of  the  cell  was  exceptionally  favourable,  and  as, 
on  a  12-hour  discharge  rate,  its  capacity  came  out  about 
33  per  cent,  above  its  listed  value,  it  had  evidently  been 
worked  up  to  a  state  of  efficiency  but  seldom  attained,  still 
less- maintained. 

In  practice,  pasted  electrodes  hardly  ever  give  more  than 
30  to  40  ampere-hours  per  pound  of  positive  or  negative  active 
material ;  while  about  half  these  values  is  probably  a  more 
usual  figure  :  for,  although  the  specific  output  of  the  active 
materials  in  new  electrodes  is  often  high,  yet  in  many  cases 
it  decreases  considerably  with  use  ;  and  if  the  electrodes  are 
of  faulty  design  or  manufacture,  or  the  cells  not  properly 
looked  after,  it  may  drop  to  almost  any  extent. 

However,  with  all  electrodes,  whether  of  the  Plante  or 
Faure  type,  there  is  a  very  considerable  falling  off  in  the 
specific  output  of  the  active  materials  as  the  discharge  rate 
is  increased.  The  exact  amount  and  curve  of  decrease 
varies  with  .every  different  make  of  cell,  but  the  best  of  them 
do  not,  at  a  three-hour  rate,  give  more  than  two-thirds  to 
three-quarters  of  their  output  on  a  nine  to  twelve-hour  rate ; 
while  if  discharged  in  one  hour,  their  output  is  only  about 
one-half  or  even  less.  After  all  then,  there  is  Still  some 
considerable  margin  left  for  improvements  in  the  ratio  of 
output  to  weight,  especially  when  rapid  discharges  are 
required  ;  and  these  are  often  precisely  the  cases  where  a 
reduction  in  weight  would  be  of  the  most  importance  and 
use,  provided  it  were  not  effected  at  a  sacrifice  of  durability. 

It  is  evident  that  to  obtain  the  maximum  output  from  any 
active  material  the  electrolyte  must  have  access  to  each  of 
its  individual  molecules  so  as  to  include  them  all  in  the 
electroljrtic  circuit ;  and  its  porosity  therefore  must  be 
thoroughly  molecular.  That  is  to  say,  in  addition  to  the 
spaces  that   exist   between    the   small   visible  particles  of 
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material,  each  of  these  particles  must  itself  be  porous 
throughout.  Most  negative  active  material  necessarily  fulfils 
this  condition,  as  the  electrolytic  reduction  of  the  oxide  or 
other  insoluble  salt  employed  must  leave  each  molecule  of 
lead  surrounded  by  a  space,  also  of  molecular  proportions, 
previously  occupied  by  the  other  elements  in  combination 
with  it. 

The  case  of  positive  active  material  is  somewhat  different. 
If  it  is  prepared  from  salts,  such  as  lead  sulphate  or  lead 
chloride,  possessing  about  twice  the  bulk  or  half  the  density 
of  lead  peroxide,  its  molecular  porosity  is  initially  provided 
for  just  as  it  is  in  negative  active  material ;  but  if  it  is 
obtained  from  litharge  or  minium  or  other  compounds 
whose  density  is  about  the  same  as  that  of  the  peroxide 
itself,  it  is  not  at  first  sight  evident  how  it  can  possess  any 
porosity  beyond  the  spaces  between  its  visible  particles  ; 
while  if  it  is  produced  from  solid  metallic  lead  by  a  forma- 
tion of  the  Plants  type,  no  porosity  of  any  kind  seems  to  be 
provided  for.  In  all  these  cases,  however,  the  materials, 
before  being  peroxidised,  no  doubt  pass  through  an  inter- 
mediate stage  of  partial  sulphation  accompanied  by  a  pro- 
portional increase  in  bulk,  so  that  in  this  respect  the  condi- 
tions are  to  some  degree  the  same  as  if  lead  sulphate  had 
been  the  original  raw  material.  That  some  such  growth  of 
the  positive  active  material  does  take  place  during  its  first 
formation  is  shown  by  the  expansion  of  its  support  which 
almost  invariably  attends  this  process,  whether  the  electrodes 
be  of  the  formed  or  pasted  variety. 

But  although  the  pores  and  spacing  are  there,  they  are 
quite  inadequate  to  contain  anything  approaching  the 
amount  of  electrolyte  required  for  the  full  discharge  of  the 
active  material  surrounding  them.  Negative  active  material 
sufficiently  porous  to  hold  its  own  volume  of  liquid  will  have 
what  is  sometimes  incorrectly  called  a  "density  "  of  57  (half 
the  density  of  solid  lead,  11-4)  or,  as  I  prefer  to  term  it,  a 
50  per  cent,  porosity  ;  and  this  is  a.good  average  figure  for 
the  spongy  lead  in  commercial  cells.  Lead  peroxide  being 
bulkier  than  lead,  positive  active  material  is,  as  a  rule,  not 
nearly  so  porous,  and  a  good  average  material  will  certainly 
not  have  more  than  a  33  per  cent,  porosity,  or  a  so-called  - 
density  of  about  6*3  (two-thirds  that  of  solid  PbOa,  9*45)» 
and  it  will  only  contain  one-half  its  own  volume  of  electrolyte. 
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Now  solid  lead  requires  about  twenty-four  times,  and  solid 
peroxide  about  sixteen  times  their  own  volumes  of  dilute 
sulphuric  acid,  sp.  gr.  i'200,  for  their  50  per  cent,  sulpha- 
tion,  with  a  fall  of  acid  strength  to  sp.  gr.  1*150  ;  so  that, 
negative  and  positive  active  materials  of  good  average  porosity 
can  only  contain  about  ^th  and  ^nd  respectively  of  the 
quantity  of  electrolyte  necessary  for  their  complete  dis- 
charge under  these  conditions.  Even  if  the  whole  of  the 
acid  were  abstracted  from  the  solution  in  the  pores,  leaving 
nothing  there  but  water,  then  the  negative  and  positive  active 
materials  could  respectively  contain  only  about  Jth  and  ^^^th 
of  the  necessary  amounts  of  1*200  acid,  or  about  fth  and 
l^jjth  if  1*300  acid  were  employed. 

These  figures  show  very  clearly  how  entirely  the  output 
of  a  lead  cell  is  dependent  on  the  diffusion  of  acid  from  the 
main  body  of  the  electrolyte  into  the  depleted  solution  in  the 
pores  of  its  active  materials.  As  long  ago  as  1889  Messrs. 
Duncan  and  Wiegand  called  attention  to  some  of  the  results 
that  must  ensue  if  proper  diffusion  were  not  provided  for ; 
and  Messrs.  Gladstone  and  Hibbert,  in  their  communication 
to  this  Institution  in  1892,  also  indicated  some  of  the  effects 
probably  due  to  this  cause.  In  the  latter  instance,  however, 
they  were  considering  the  matter  chiefly  in  its  relations  to 
the  E.M.F.s  of  cells  under  various  conditions ;  and  I  think 
it  yet  remains  to  be  recognised  how  far-reaching  are  the 
consequences  of  defective  diffusion,  and  how  many  of  the 
faults  and  shortcomings  of  the  cells  may  be  attributed  to  it. 
Rightly  to  comprehend  the  scope  of  its  action,  it  is  advisable 
to  consider  in  some  little  detail  just  what  takes  place  in  the 
active  materials  of  a  cell  when  discharging  at  some  rate 
sufficiently  high  to  bring  the  effects  of  imperfect  diffusion 
well  into  play ;  that  is,  at  a  rate  which  reduces  its  output 
considerably  below  what  can  be  obtained  at  slower  rates. 

It  is  impossible  to  say  the  exact  proportions  in  which 
the  different  parts  of  the  active  materials  will  contribute 
towards  the  discharge  current  on  first  closing  the  external 
circuit,  for  this  largely  depends  on  the  relative  resistances 
of  the  electrolyte  and  the  active  materials  themselves — a 
very  problematic  question.  Lead  in  a  solid  state  has  only 
about  one-twelfth  the  conductivity  of  copper,  and  in  the 
porous  condition  its  specific  resistance  is  almost  certain  to 
be  very  much  higher,  but  even  then  it  is  no  doubt  con- 
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siderably  less  than  that  of  the  electrolyte  ;  so,  as  regards  the 
negative  electrodes,  the  layers  of  active  material  nearest  to 
the  opposing  positives  will  tend  to  supply  more  than  their 
due  share  of  the  total  current.  On  the  other  hand,  although 
lead  peroxide  is  one  of  the  best  conductors  of  electricity  of 
any  solid  compound  substance  not  entirely  metallic,  its 
specific  resistance  is  of  the  order  of  a  fluid  electrolyte,  and 
is  probably  higher  than  that  of  the  ordinary  acid  solution  in 
a  cell ;  therefore,  at  the  positive  electrode  it  is  possible  that 
at  first  the  inner  layers  of  active  material  may  discharge  a 
little  more  rapidly  than  the  others. 

At  both  electrodes,  however,  the  distribution  of  the  work 
is  also  affected  by  other  conditions,  such  as  the  nature  and 
position  of  the  conducting  support ;  and,  on  the  whole,  it 
will  be  simpler  and  not  much  amiss  to  assume  that  the 
inrtial  contribution  of  every  molecule  of  active  material  to 
the  discharge  is  approximately  equal,  provided  that  sufficient 
time  has  elapsed  since  the  previous  charge  for  the  strength 
of  the  acid  thoroughly  to  equalise  itself  throughout  the  pores. 

But  this  state  of  affairs  begins  to  alter  immediately  after 
the  discharge  has  commenced.  The  diffusion  not  being 
sufficiently  rapid  to  supply  acid  k)  all  parts  of  the  electro- 
lyte as  fast  as  it  is  being  withdrawn  by  the  active  material, 
the  solution  becomes  graduated  into  a  series  of  layers  or 
strata  (assuming  the  active  materials  are  of  uniform  porosity 
throughout)  of  different  strengths ;  those  layers  directly 
adjacent  to  the  surface  undergoing  practically  no  alteration, 
while  the  innermost  layers  will  be  the  most  weakened. 

This  change  must  necessarily  be  accompanied  by  a 
variation  in  the  E.M.F.s  acting  at  different  parts  of  the 
active  materials,  for  it  has  been  demonstrated  by  several 
researches,  notably  those  of  Messrs.  Gladstone  and  Hibbert 
and  of  F.  Streintz,  that  the  E.M.F.  of  a  lead-lead  peroxide 
couple  in  dilute  sulphuric  acid  depends  on  the  strength  of 
the  electrolyte.  Roughly  speaking,  it  slowly  decreases  from 
2-05  volts  in  i'200  acid  to  1*85  volts  in  about  1-030  acid,  and 
then  drops  away  rapidly  to  1*45  volt,  the  E.M.F.  of  the 
couple  in  pure  water. 

Consequent  in  its  turn  upon  the  variations  in  the  E.M.F., 
the  relative  rates  at  which  the  molecules  generate  current 
are  correspondingly  affected  throughout  the  active  materials, 
for  only  by  that  means  can  a  uniform  potential  difference  be 
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maintained  between  every  portion  of  the  opposing  electrodes. 
In  this  way,  too,  the  inequalities  in  the  strength  of  the 
electrolyte  are  prevented  from  passing  certain  limits,  because 
just  as  fast  as  the  acid  in  solution  diminishes,  so  does  the 
rate  of  sulphation  which  brings  about  this  diminution 
decrease  also  ;  until  at  all  points  in  the  active  material,  the 
absorption  of  acid  and  its  replenishment  by  diffusion  just 
balance  each  other,  the  nett  result  being  that  the  outer 
layers  supply  considerably  more,  and  the  inner  layers  con- 
siderably less,  than  their  due  share  of  the  current. 

This  unequal  distribution  of  the  work  is  not  only  main- 
tained throughout  the  discharge,  but  becomes  more  pro- 
nounced towards  the  end,  for  the  conditions  which  regulate 
the  rate  of  diffusion  are  steadily  growing  worse  the  whole 
time.  The  active  materials  gradually  increase  in  bulk  as 
they  sulphate,  thereby  reducing  their  porosity,  and  it  is  just 
those  portions  through  which  the  whole  of  the  diffusion  to 
the  interior  has  to  take  place  that  choke  up  soonest  and  most 
thoroughly. 

As  the  discharge  proceeds,  the  E.M.F  falls  fastest  where  the 
sulphation  is  most  rapid,  and  a  more  equitable  proportion . 
of  the  work  would  then  be  thrown  onto  the  other  parts  of 
the  active  materials,  were  it  not  that  their  output  is  limited 
by  the  rate  of  diffusion,  so  they  can  only  draw  on  the 
surrounding  electrolyte  till  its  strength  dnd  their  E.M.F.  is 
correspondingly  reduced.  Thus  the  potential  difference 
between  all  parts  of  the  opposing  electrodes  falls  gradually 
and  uniformly,  and  the  variations  of  acid  strength,  small  at 
first,  slowly  increase,  until  by  the  time  the  E.M.F.  of  the 
outermost  layers  working  in  the  strongest  acid  has  dropped 
to  about  1*85  volt,  solely  by  reason  of  their  advanced  state 
of  discharge,  the  specific  gravity  of  the  solution  round  the 
inner  layers  will  be  1*030  or  thereabouts,  and  their  E.M.F. 
also  only  about  1*85  volt,  although  they  may  not  have  done 
a  tithe  of  the  work  of  which  they  are  capable. 

At  this  stage  the  specific  conductivity  of  the  active 
materials  becomes  the  chief  factor  in  controlling  the  further 
course  of  the  discharge.  The  resistance  of  the  outer  and 
most  sulphated  layers  goes  up  rapidly,  and  for  a"  short  time 
the  burden  of  the  discharge  is  probably  taken  up  by  the 
layers  immediately  beneath  them.  These,  however,  soon 
follow  suit,  and  the  resistance  of  the  inner  layers  of  the 
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electrolyte  from  which  by  now  almost  the  whole  of  the 
acid  has  been  abstracted,  also  being  very  high,  the  potential 
difference  between  the  electrodes  very  quickly  drops  below 
the  normal  limit. 

It  is  now  apparent  why  the  output  of  a  cell  decreases  so 
much  on  heavy  discharges,  and  also  why  little  or  no  increase 
of  capacity  can  be. obtained  by  using  masses  of  active  mate- 
rial of  more  than  a  certain  thickness.  The  higher  the  rate  of 
discharge  or  the  more  impeded  the  diffusion,  the  less  is  the 
interior  of  the  active  material  drawn  upon  for  the  main- 
tenance of  the  current ;  while  if  either  of  these  conditions 
is  pushed  to  an  extreme,  nearly  the  whole  of  the  work  is 
done  by  a  very  thin  outside  layer,  and  by  the  time  this  is 
exhausted  hardly  any  acid  will  be  left  in  the  electrolyte 
surrounding  the  remainder.  Of  course,  as  soon  as  the  dis- 
charge is  stopped  fresh  acid  begins  to  diffuse  in,  and  after  a 
little  while  a  further  discharge  is  obtainable.  By  repeating 
this  proceeding  a  sufficient  number  of  times,  the  larger 
proportion  of  the  deficiency  on  the  first  discharge  may 
be  made  up. 

Recharging  is  seldom  effected  at  such  extremely  high 
rates  as  are  sometimes  used  for  the  discharge,  but  they  must 
often  be  quite  sufficient  to  liberate  acid  in  the  pores  of  the 
active  material  considerably  faster  than  it  can  be  dissipated ; 
and,  although  in  this  case  the  effects  of  imperfect  diffusion 
are  not  so  evident  and  the  details  of  the  procedure  which 
brings  them  about  are  still  more  complicated,  yet,  following 
the  same  line  of  reasoning  as  has  just  been  applied  to  the 
discharge,  certain  general  conclusions  may  be  drawn. 

The  outer  layers  of  active  material  will  absorb  more  than 
their  due  proportion  6f  the  current,  and  by  the  time  they 
are  fully  desulphated  the  inner  layers,  as  yet  only  partially 
charged,  will  be  surrounded  by  abnormally  strong  acid  to 
enable  them  to  maintain  an  equivalent  voltage.  Unless, 
therefore,  the  current  is  prolonged  for  a  time  after 
gassing  has  commenced  and  the  end  of  the  recharge  only 
determined  by  a  sufficiently  high  potential  difference  being 
attained,  there  is  some  likelihood  of  the  inner  layers  not 
receiving  their  proper  charge  at  all ;  and  in  any  event  the 
gassing,  by  expelling  some  of  the  electrolyte  from  the  pores 
and  destroying  its  continuity,  must  itself  greatly  retard  the 
process. 
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Not  only,  then,  is  the  output  of  a  cell  materially 
diminished  through  insufficient  diffusion,  but  its  durability 
and  life  must  also  be  more  or  less  seriously  affected  owing 
to  the  injurious  conditions  to  which  portions  of  the  active 
materials  and  their  metallic  supports  are  thereby  subjected  : 
conditions  favourable  to  the  breaking  up  of  the  molecular 
structure  of  the  former  with  "sulphating"  and  all  its 
attendant  evils,  and  to  the  destruction  of  the  latter  by  local 
action.  These  effects  are  chiefly  experienced  by  the  inner- 
most layers  of  active  material  which  work  in  abnormally 
weak  acid  towards  the  end  of  the  discharge  and  abnormally 
strong  acid  towards  the  end  of  the  charge  ;  and,  in  addition, 
do  not  undergo  that  thorough  desulphation  on  charging 
necessary  to  help  to  bring  them  back  to  their  normal  state. 
The  outermost  layers  also  suffer  however,  inasmuch  as  they 
are  liable  to  be  over-discharged  to  the  point  of  reversal 
every  time  the  full  output  is  required  from  the  cell.  At 
the  positive  electrodes,  wherever  the  layer  of  peroxide  in 
immediate  contact  with  the  support  is  broken  up  from 
any  of  the  preceding  causes,  the  metal  itself  will  become 
exposed  to  electrolytic  action  and  its  sulphation  and  cor- 
rosion greatly  facilitated. 

A  third  effect  of  imperfect  diffusion  is  to  reduce  the 
electrical  efficiency  of  the  cell.  In  part  it  acts  by  lowering 
the  average  E.M.F.  of  discharge  and  raising  that  of  recharge, 
the  missing  electrical  energy  appearing  as  heat  generated  at 
the  end  of  both  processes,  when  the  outside  electrolyte 
diffuses  in  and  mixes  with  that  of  unequal  strength  con- 
tained in  the  pores  of  the  active  materials.  But  when  this 
takes  place,  the  conditions  of  equilibrium  previously  existing 
as  regards  E.M.F.  between  all  parts  of  the  active  material 
are  disturbed ;  local  currents  flow,  more  heat  results,  and 
consequently  the  ampere-hours  available  on  discharge  are 
also  somewhat  diminished,  and  those  necessary  for  recharge 
somewhat  increased.  The  loss  of  energy  due  to  these 
causes  was  pointed  out  and  demonstrated  by  Messrs. 
Duncan  and  Wiegand  in  1889.  It  follows,  and  is  indeed 
found  to  be  so  in  practice,  that  the  best  efficiency  of  a  cell 
is  obtained  by  commencing  its  discharge  immediately  the 
recharge  is  finished,  and  vice  versa.  When  the  discharge 
rates  are  high  or  the  diffusion  poor,  the  difference  may  be 
considerable. 
VOL.  XXIX.  38 
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Undoubtedly  the  abnormal  sulphation  is  the  most 
serious  result  of  impeded  diffusion,  for  not  only  does  it 
directly  depreciate  the  electrodes  and  bring  about  a  per- 
manent reduction  of  their  capacity  in  proportion  to  the 
quantity  of  active  material  affected;  but  also,  by  choking 
up  the  space  available  for  the  electrolyte,  it  aggravates  the 
causes  through  which  it  was  itself  started,  and  so  increases 
the  temporary  losses  of  capacity  due  to  high  discharge  rates, 
besides  reacting  unfavourably  on  the  cell's  efficiency. 

The  only  practical  method  of  determining  the  extent 
to  which  diffusion  into  the  pores  of  the  active  materials  is 
provided  for  in  a  cell  is  to  compare  its  outputs  at  different 
discharge  rates.  There  have  been  cells  on  the  market  of 
the  Faure  type,  and  possibly  are  still,  which  show  a  steadily 
increasing  capacity  down  to  a  thirty-  or  forty-hour  rate. 
Such  inadequate  diffusion  is  due  either  to  the  masses  and 
layers  of  active  material  being  too  thick,  or  to  the  free 
access  of  the  electrolyte  to  their  surfaces  being  too  much 
impeded,  or  to  their  porosity  being  insufficient ;  often  it  is 
brought  about  by  a  combination  of  these  causes.  The  two 
former  conditions  can  easily  be  improved  by  proper 
mechanical  design.  To  compensate  for  the  latter  special 
devices  are  sometimes  employed,  such  as  perforating  the 
active  materials,  or  providing  channels  through  their  in- 
terior or  inclosed  spaces  in  their  midst  to  act  as  reservoii"s 
of  electrolyte  ;  but  the  more  usual  plan  has  been  to  mix 
various  substances,  such  as  magnesium  sulphate,  salt,  sugar, 
carbon,  and  so  forth,  with  the  lead  compound  used  for 
pasting,  and  to  remove  them  afterwards  by  solution  or  the 
action  of  the  forming  current. 

Still,  when  all  these  precautions  are  taken  they  will  not 
increase  the  diffusion  beyond  a  certain  degree.  That  this 
is  so  is  shown  by  those  commercial  cells  of  Plants  type,  in 
which  extremely  thin  layers  of  active  material  are  employed 
with  a  very  free  access  of  electrolyte  to  their  surfaces,  for 
even  these  do  not  attain  their  maximum  output  at  more 
than  a  twelve-hour  discharge  rate  although  there  is  very 
little  diminution  at  about  a  nine-hour  rate,  but  above  this 
it  falls  off  with  increasing  rapidity. 

The  fact  is,  to  go  to  the  root  of  the  trouble,  the  molecular 
porosity  of  the  active  materials,  whether  of  the  Faure  or 
Plants  type,  needs  to  be  considerably  increased.     If  an 
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ordinary  active  material  prepared  from  a  paste  of  litharge 
or  red  lead  could  be  enormously  magnified,  it  would  be 
seen  that  the  minute  spaces  between  the  individual  grains 
are  very  caverns  in  comparison  with  those  that  penetrate  ' 
the  grains  themselves,  and  it  is  these  latter  which  appear 
to  prevent  the  diffusion  from  proceeding  at  more  than  a 
certain  rate,  no  matter  how  large  the  former  may  be.  The 
total  porosity  of  an  active  material  is  in  itself  therefore  but 
a  very  partial  guide  as  to  its  capabilities.  For  instance,  its 
molecular  pores  might  be  almost  stopped  up  with  irre- 
ducible sulphate  resulting  from  improper  treatment  during 
its  first  formation  or  afterwards,  and  yet  it  could  possess  a 
very  open  structure  as  judged  by  a  microscopic  examination 
or  by  the  quantity  of  liquid  it  was  capable  of  absorbing. 

Devices  such  as  those  just  now  mentioned  may,  within 
limits,  improve  the  total  porosity  of  the  active  materials, 
but  they  leave  their  molecular  porosity  unaltered,  for  this 
depends  almost  entirely  on  the  lead  compound  used  as  raw 
material,  and  is  rigidly  fixed  by  its  chemical  composition 
and  specific  gravity.  The  only  exception  is  in  the  case  I 
have  already  referred  to,  where  the  partial  sulphation  of 
dense  materials,  such  as  Pb,  PbO  or  Pb304,  at  an  inter- 
mediate stage  of  their  first  formation  leads  to  growth  and 
expansion  and  a  consequent  increase  in  their  ultimate 
porosity. ' 

The  molecular  porosity  of  active  materials  of  the  Plants 
type,  and  of  all  those  of  the  Faure  type  prepared  from 
litharge  or  minium,  is  probably  only  about  25  per  cent., 
and  can  hardly  exceed  40  per  cent.,  even  assuming  that  a 
very  heavy  preliminary  sulphation  takes  place.  A  more 
porous  material  is  obtained  by  the  electrolytic  reduction 
of  lead  chloride  which  has  had  a  small  proportion  of  zinc 
chloride  fused  with  it.  The  two  form  a  molecular  com- 
pound that  sets  to  a  crystalline  mass  of  low  specific  gravity ; 
and  when  the  zinc  chloride  and  the  chlorine  of  the  lead 
chloride  have  been  removed,  a^ery  molecule  of  the  lead 
remaining  *is  surrounded  by  a  space  of  about  twice  its 
own  size.  It  possesses  therefore  a  true  molecular  porosity 
of  65  to  70  per  cent.,  and  is  capable  of  holding  about  two- 
thirds  of  its  own  apparent  volume  or  twice  its  actual  volume 
of  electrolyte. 

This  active  material  perfectly  fulfils  the  proper  conditions 
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as  regards  the  quality  of  its  structure,  but  as  regards  the 
degree  of  porosity  it  is  only  a  step  in  the  right  direction. 
In  the  ideal  active  material  every  one  of  its  molecules  should 
be  surrounded  by  space  sufficient  to  hold  enough  electrolyte 
for  its  complete  discharge^  so  that  no  diffusion  has  to  take 
place  either  from  outside  or  between  different  parts  of  the 
active  material  itself  To  achieve  this  result  it  must  be  able 
to  contain  not  merely  twice,  but  ten  to  twenty  times  its 
actual  bulk  of  electrolyte,  corresponding  to  a  molecular 
porosity  of  90  to  95  per  cent. 

It  is  of  course  one  thing  to  indicate  the  ideal  conditions, 
and  quite  another  to  show  how  they  are  to  be  attained. 
The.  problem  is  to  prepare  an  active  material  possessed  of 
an  extremely  high  molecular  porosity  without  too  much 
reducing  its  cohe^on  and  mechanical  strength  generally. 
There  are,  at  any  rate,  no  fundamental  difficulties  in  the 
way.  Many  substances  exist,  such  for  example  as  carbon 
in  the  form  of  charcoal,  which  prove  that  porosity  and 
strength  can  go  together.  A  remarkable  instance  is  fur- 
nished by  "  block  magnesia,"  a  basic  magnesic  carbonate, 
which  has  a  90  to  95  per  cent,  porosity  and  can  take  up 
about  nineteen-twentieths  of  its  own  nominal  volume  of 
liquid,  and  yet  will  withstand  a  crushing  strain  of  more 
than  80  lbs.  per  square  inch. 

Given  an  active  material  with  similar  qualities,  practi- 
cally the  full  theoretical  output  corresponding  to  a  50 
per  cent,  sulphation  could,  I  believe,  always  be  obtained 
from  a  cell,  no  matter  how  high  the  rate  at  which  it  were 
discharged.  But  what  is  of  still  more  importance,  the 
durability  of  the  cell  should  be  immensely  increased  and 
its  life  proportionately  lengthened,  and  most  of  the  causes 
that  give  rise  to  abnormal  sulphation  being  eliminated, 
there  would  be  little  permanent  loss  of  capacity  or  electrical 
depreciation.  Then,  too,  an  exceedingly  high  electrical 
efficiency  should  be  realised,  for  the  dissipation  of  energy  in 
the  form  of  heat  would  be  reduced  to  an  almost  negligible 
quantity. 

If  all  these  improvements  are  possible,  there  is  yet  hope 
that  lead  cells  may  eventually  fill  their  unique  position  as 
the  sole  practical  means  of  storing  electrical  energy,  far 
more  adequately  than  they  have  hitherto  done ;  but  whether 
or  no  this  comes  about,  I  feel  assured  that  no  substantial 
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advance  remains  to  be  effected  except  in  the  direction  I 
have  indicated,  and  the  only  other  alternative  will  be  to 
introduce,  a  new  combination  altogether. 


PART   II. 

In  the  first  part  of  this  paper  I  have  said  that  the  utility  of 
the  lead — sulphuric  acid — lead  peroxide  combination  appears 
to  be  due  to  the  insolubility  of  the  active  material  of  both 
electrodes  under  all  normal  conditions  of  treatment.  This 
is  not,  however,  the  whole  matter,  for  essential  as  the 
insolubility  of  the  compounds  may  be  to  success,  it  would 
probably  be  insufficient  were  it  not  in  conjunction  with 
certain  properties  which  are  inherent  in  lead  and  its  com- 
pounds and  form  one  of  their  most  marked  chemical 
characteristics. 

Lead,  like  all  the  metallic  elements,  unites  with  other 
elepients  and  radicles  to  form  normal  compounds  and  salts 
of  a  perfectly  definite  composition,  such  as  the  monoxide, 
peroxide,  sulphate,  and  so. forth.  It  also  enters  with  greater 
ease  than  most  of  the  metals  into  more  complex  com- 
binations to  produce  "basic  salts"  (sometimes  termed 
"  sub-salts  "),  in  which  it  is  partly  combined  with  O  or  HO, 
as  an  oxide  or  hydrate,  and  partly  with  some  other  element 
or  radicle.  Usually  it  is  capable  of  producing  not  merely 
one,  but  a  whole  series  of  basic  salts  with  each  radicle; 
of  which  the  basic  chlorides,  nitrates,  and  acetates  are  well- 
known  examples.  In  addition  to  this,  it  is  almost  unique 
amongst  the  metals  in  the  facility  with  which  it  combines 
with  two  or  more  different  radicles,  other  than  O  or  HO, 
and  gives  rise  to  curious  compound  salts  such  as — 

"  Lanarkite,"  Pba J^q'*        "  Leadhillite,"  Pb4J??^  . 

"  Phosgenite,"  Pba I^q       Lead  Chlorosulphide,  Pba jg^" 

But  besides  all  its  normal,  basic,  and  poly-acid  salts  and 
compounds,  lead  will,  under  suitable  conditions,  form  others 
which  cannot  accurately  be  represented  by  any  formula  at 
all.    The  two  most  important  commercial  preparations  of 
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lead,   namely   white   lead   and  red   lead  or  minium,  both 
furnish  well-marked  examples  of  this  behaviour. 

The  first  of  these  is  a  basic  lead  carbonate  whose  average 
composition  when  prepared  by  the  old  "  Dutch  "  process  is 
generally  represented  by  the  formula  aPbCOj,  Pb(HO)2,  or 
Pb3(C03)2(HO)2;  but  this  is  purely  an  approximation,  as 
the  relative  proportions  of  carbonate  and  hydrate  are  found 
to  vary  very  appreciably  in  different  samples,  even  if  pro- 
duced under  practically  identical  conditions.  By  other 
processes,  especially  precipitation  methods,  any  number  of 
basic  carbonates  of  indefinite  composition  may  be  obtained, 
in  which  the  proportions  of  CO3  and  HO  vary  over  a  much 
wider  range,  and  show  very  little  preference  for  uniting  in 
any  simple  ratio  such  as  is  expressed  by  the  formula  just 
given. 

Minium  also  has  no  fixed  or  definite  chemical  com- 
position. Under  the  action  of  reagents  it  behaves  as  if  it 
were  composed  of  lead  monoxide  and  lead  peroxide,  and 
the  formula  2PbO,  PbOa,  or  Pb304,  most  nearly  represents 
its  average  composition  ;  but  samples  fully  possessed  of  the 
fine  scarl^  colour,  its  distinctive  physical  property,  have 
been  found  to  approximate  more  closely  to  PbeOy,  Pb405, 
Pb203,  or  to  some  other  degree  of  oxidisation  between  these 
simpler  ratios. 

Now  Mendelejeff  has  ascribed  some  of  the  peculiarities 
of  lead  and  its  compounds  (as  also  of  boron,  silicon,  and 
other  inorganic  elements)  to  their  "  polymerisation."  That 
is  to  say,  he  assumes  that  the  molecule  of  lead  may  some- 
times consist  of  a  large  but  undetermined  number  of  atoms, 
Pb^ ;  while,  in  the  same  way,  the  molecule  of  lead 
monoxide  is  not  necessarily  composed  of  one  atom  of  lead 
and  one  of  oxygen,  PbO,  but  of  many  multiples  of  these 
quantities,  Pb,0^ :  so  also  lead  peroxide  may  be  Pb^^Oax  and 
so  on.  The  assumption  does  not,  of  course,  affect  the  per- 
centage composition  of  the  lead  compounds  as  ascertained 
by  analysis,  but  only  their  molecular  weights,  and  these 
cannot  be  directly  determined. 

This  theory  is  partly  based  upon  and  affords  a  simple 
explanation  of  the  readiness  of  lead  to  form  the  basic  and 
poly-acid  salts  just  referred  to.  Some  of  the  atoms  of  lead 
in  the  complex  molecule  combine  with  one  radicle  and 
some   with   another ;   and   if,  purely   for  the  purposes  of 
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illustration,  we  suppose  that  there  are  twelve  atoms  of  lead 
present,  or  that  the  molecule  of  lead  monoxide  from  which 
they  are  derived  has  a  composition  PbigOia,  some  of  them 
may  be  expressed  in  the  following  formulae : — 

Basic  hydrates-Pb,.{[j5j^j^         ^^A^OH^ 


Basic  chlorides— Phx^iQ  ^^'^la  ^^ 


(OH)6 

Cl6 


■     Basic  carbonates-Pb.|gO^^         ^^A^^"^: 

Sulpho-carbonates-Pb,  JS?.?^)'         Pbx  J  ^^) 

But  the  theory  also  equally  well  explains  the  real  nature  of 
the  lead  compounds  of  variable  and  indefinite  composition. 
Their  behaviour  has  always  seemed  somewhat  puzzling,  and 
they  were  generally  regarded  as  not  being  chemical  com- 
pounds at  all  :  merely  intimate  mixtures  of  other  and 
simpler  compounds.  Thus,  white  lead  was  a  mixture  in 
varying  proportions  either  of  normal  lead  carbonate  aad 
lead  hydrate,  or  of  some  definite  basic  carbonate  with  an 
excess  of  normal  carbonate. 

2PbC03  +  Pb(HO)2  =  Pb2(C03)(HO)a  +  PbCOg 

Red  lead  was  a  mixture  of  lead  monoxide  with  lead  per- 
oxide, or  possibly  of  lead  sesquioxide  with  an  excess  of 
monoxide. 

PbgO^  =  2PbO  +  PbOa  =  Pb203  +  PbO. 

It  will  be  evident,  however,  that  we  have  only  to  assume 
a  sufficiently  complex  molecular  structure,  and  any  number 
of  true  compounds  between  lead  and  a  given  set  of  radicles 
become  theoretically  possible :  compounds  of  such  closely 
allied  composition  that  their  physical  and  chemical  pro- 
perties grade  imperceptibly  from  each  one  to  the  next  and 
so  defy  isolation.  No  doubt  in  many  instances  the  whole 
series  of  compounds  will  be  so  unstable  and  so  easily 
resolved  into  their  proximate  components,  that  chemically 
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they  do  appear  to  be  nothing  more  than  mixtures  of  them. 
In  other  cases  only  the  combinations  in  simple  ratios  may 
possess  much  stability ;  but  in  every  case  the  latter  will 
probably  be  somewhat  more  stable  and  more  readily 
formed  than  the  remainder,  which  need  suitable  conditions 
for  their  production. 

The  manufacture  of  red  lead  furnishes  a  good  example 
of  the  application  of  the  theory,  and  a  suggestive  instance 
of  the  way  in  which  a  series  of  compounds  is  brought 
about  and  of  the  relationship  of  its  various  terms  to  each 
other.  The  further  oxidation  of  litharge  by  roasting  at  a 
temperature  not  so  high  as  that  required  for  its  own  for- 
mation, does  not  appear  to  consist  in  the  conversion  of 
successive  molecules  of  PbO  direct  to  Pb304,  or  some 
other  definite  oxide,  but  in  the  gradual  absorption  of  oxygen 
by  each  molecule,  which  takes  it  up,  atom  by  atom,  and 
passes  through  a  whole  series  of  oxides  of  gradually 
increasing  richness,  the  action  proceeding  more  or  less 
simultaneously  and  uniformly  at  all  parts  of  the  mass, 
according  to  the  relative  adequacy  of  the  air  supply. 
Again  supposing  the  constitution  of  the  monoxide  to  be 
PbiaOia,  the  series  of  compounds  obtained  may  be  repre- 
sented as  follows ;  but  fully  to  account  for  the  observed 
facts,  its  molecular  composition  would  have  to  be  far  more 
complex,  so  as  to  provide  numerous  other  oxides  between 
each  of  the  terms  shown  : — 

PbxaOia  1 2  PbO  PbO 

PbiaOi3  1 1  PbO  +  PbOa  — 

Pbi20i4  loPbO  +  2PbOa  Pb607 

PbxaOxs  gPbO  +  3Pb02  Pb405 

Pbi20x6  8PbO  +  4Pb02  Pb304 

Pbx20i7  7PbO  +  sPbOa  — 

PbxaOxs  6PbO  +  6Pb02  Pb^Oa 

The  first  column  gives  the  assumed  molecular  composition 
of  the  oxides ;  the  second  expresses  it  in  terms  of  separate 
molecules  of  monoxide  and  peroxide  as  they  would  appear 
under  analysis;  and  the  third  merely  shows  the  simplest 
proportional  composition.  Most  commercial  minium  comes 
somewhere  between  Pb405  and  Pb304,  prolonged  roasting 
generally  being  required  to  bring  it  quite  up  to  the  latter 
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proportions;  but  as  samples  are  occasionally  found  to  be 
still  further  oxidised,  the  series  is  extended  to  the  sesqui- 
oxide,  PbaOg.  Here  or  hereabouts,  the  extreme  limit  to 
which  the  oxidation  can  be  pushed  by  roasting  is. reached, 
because  the  temperature  necessary  to  carry  it  to  this  itage 
is  nearly  as  high  as  that  at  which  the  deoxidation  of  the 
sesquioxide  by  heating  commences.  The  two  opposing 
tendencies  balance  each  other,  and  the  absorption  of  oxygen 
then  comes  to  an  end. 

I  now  propose  to  make  use  of  this  "polymerisation" 
theory  in  dealing  with  the  various  phenomena  observed  in 
lead  cells,  for  it  enables  us  to  reconcile  their  physical  and 
chemical  aspects,  and  to  give  a  more  consistent  and  satis- 
factory account  of  the  changes  taking  place,  than  can 
otherwise  be  done ;  and  it  is  with  a  view  to  making  the 
application  of  the  theory  as  clear  as  possible  that  I  have 
felt  it  advisable  to  set  out  the  foregoing  considerations 
regarding  the  lead  compounds  in  general  and  minium  in 
particular  at  such  length. 

In  the  first  place,  I  assume  that  the  fully  formed  active 
materials,  electrolytically  prepared  at  both  electrodes,  are 
not  Pb  and  PbOa,  but  Pb,  and  Pb,Oa.;  that  is,  they 
are  allotropic  or  polymeric  modifications ;  or  they  have  a 
complex  molecular  structure — whichever  term  or  phrase  we 
please. 

On  closing  the  external  circuit,  the  molecules  of  lead  at 
the  negative  begin  to  combine  with  SO4  from  the  electro- 
lyte ;  not,  however,  breaking  up  into  independent  molecules 
of  normal  lead  sulphate,  PbS04,  round  a  nucleus  of  un- 
combined  metal  ;  but  the  molecules  as  a  whole,  taking  part 
in  the  combination,  and,  as  the  discharge  proceeds,  passing 
through  a  continually  changing  series  of  sub-sulphates, 
without  any  rupture  of  their  molecular  complexity. 

At  the  positive,  the  reactions,  though  different,  take  place 
in  an  exactly  similar  manner.  Oxygen  is  gradually  ab- 
stracted and  SO4  substituted  in  its  place,  a  sequence  of 
compounds  of  sulphate  and  peroxide  being  produced.  Still 
keeping  to  our  imaginary  twelve  atoms  of  lead  to  the 
molecule,  these  two  series  of  compounds  may  be  repre- 
sented as  follows : — 
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Pbx.(S04)  Pb,,(0.),,(S04) 

Pbi.(S04)3  Pb„(0.)xo(S04)a 

Pbxa(S04)3  Pbx.(0.)9(S04)3 

Pbx2(S04)4  Pbx^(0.)8(S04)4 

Pbx.(S04)5  Pbx.(0.)7(S04)5 

Pbx2(S04)6  Pbx.(0.)6(S04)6 

But  neither  of  these  series  is  continued  until  the  active 
material  is  fully  sulphated  and  the  compound  Pbx2(S04)i2 
reached.  Just  as  the  oxidation  of  litharge  by  roasting  is 
necessarily  arrested  at  some  stage  before  it  is  fully  con- 
verted into  peroxide,  so  here  a  limit  is  presently  attained  ; 
and  a  little  consideration  will  show  that  some  such  limit 
is  not  merely  probable  but  inevitable,  and  that  a  direct 
cause,  partly  physical,  partly  chemical,  can  be  assigned 
for  it. 

We  know  that  both  lead  and  lead  peroxide  possess  a  very 
considerable  electrical  conductivity  ;  but  that,  on  the  other 
hand,  pure  lead  sulphate  is  practically  a  non-conductor. 
Both  the  negative  and  positive  active  materials  must  there- 
fore undergo  a  great  change  of  resistance  in*  the  course  of 
their  sulphation  ;  a  change  either  spread  more  or  less  uni- 
formly over  the  whole  discharge,  or  else  occurring  abruptly 
at  some  special  stage.  The  latter  appears  to  be  what  really 
happens,  for  although  our  information  regarding  the  changes 
of  resistance  in  lead  cells  is  extremely  vague  and  meagre,  we 
know  that  there  is  not  much  variation  throughout  the  main 
portion  of  the  discharge,  but  that  the  resistance  begins  to  rise 
considerably  towards  the  end.  The  exact  point  of  change  is 
immaterial  to  the  present  argument,  but  I  believe  that  when 
the  active  materials  approach  a  proportional  composition 
Pb2S04  and  Pb202S04  respectively,  the  rate  of  increase  of 
their  resistance  experiences  a  rapid  acceleration,  and  their 
resistance  itself  goes  up  enormously.  The  fact  of  impor- 
tance is  that  wherever  and  whenever  such  a  change  of 
resistance  takes  place,  it  must  necessarily  terminate  the  dis- 
charge and  bring  about  all  the  phenomena  which  do  occur. 

Just  as  fast  as  the  resistance  of  the  active  materials,  and 
therefore  the  internal  resistance  of  the  cell,  rises,  the  poten- 
tial difference  at  its  terminals  will  fall  away  ;  and  by  the  time 
the  internal  resistance  has  become  very  large  in  proportion 
to  that  of  the  external  circuit,  the  potential  difference  will  be 
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reduced  practically  to  zero.  Or,  to  put  it  another  way,  just 
as  fast  as  the  resistance  of  the  active  materials  rises,  more  and 
more  of  the  electrical  energy  they  would  otherwise  liberate 
is  expended,  so  to  speak,  in  their  own  molecules,  until,  when 
the  rest  of  the  resistances  in  circuit  become  relatively  negli- 
gible, equilibrium  is  nearly  established  and  the  liberation  of 
energy  almost  ceases.  This  is  why  it  js  impossible  to  push 
the  discharge  of  a  cell  further  even  by  short-circuiting  it  ; 
and  yet  on  breaking  the  circuit,  ix,,  increasing  the  external 
resistance  to  infinity,  the  E.M.F.  rapidly  rises  to  nearly  its 
original  value,  thereby  showing  that  the  chemical  affinities 
are  neither  exhausted  nor  saturated. 

The  aggregate  results  of  the  chemical  changes  at  each 
electrode  during  a  complete  discharge  are  expressed  in  their 
simplest  terms  in  the  following  equations  : — 

At  the  negative  : — 

i  Pb  I    .   <5o   -  1  P^^SO,  ( 

^   pb  i    +   ^^4  -   I   pb  ) 

At  the  positive  : — 
{  Pbol  f   +  "-  +  "-SO4  =  j  p^g5^  I  +  2H,0. 

But  augment  the  E.M.F.  of  the  discharged  cell  ever  so 
slightly  from  an  outside  source,  and  the  point  of  equilibrium 
is  passed  ;  the  active  materials  begin  to  absorb  energy 
instead  of  liberating  it,  and  incipient  reversal  commences. 
In  fact,  in  primary  battery  language,  the  cell  has  polarised  ; 
but  unlike  other  cells,  at  both  electrodes.  (I  am  here 
assuming  that  the  negative  and  positive  electrodes  contain 
equivalent  amounts  of  active  material,  and  both  discharge 
under  such  equal  conditions  as  regards  maintenance  of  acid 
supply  in  their  pores,  etc.,  that  they  polarise  or  reverse  at  the 
same  time.) 

If  the  applied  E.M.F.  is  sufficient  to  maintain  a  current 
through  the  cell,  a  kind  of  double  reaction  now  goes  on 
at  both  electrodes.  At  the  negative,  the  lead  still  con- 
tinues to  sulphate  ;  but,  at  the  same  time,  the  sulphate 
already  there  begins  to  peroxidise  :  at  the  positive,  the 
peroxide  still  undergoes  reduction  to  sulphate  ;  but,  at  the 
same  time,  the  sulphate  already  there  further  reduces  to 

Digitized  by  LjOOQ  IC 


486  WADE:   STORAGE   BATTERY   PROBLEMS.     [March  22nd, 

lead.  Although  the  preceding  statement  probably  gives  a 
better  idea  of  the  real  nature  of  the  changes  taking  place,  we 
may  also  put  it  more  simply  and  say,  as  regards  the  nett 
results  only,  that  on  the  one  side  lead  is  directly  peroxidised, 
and  on  the  other  side  peroxide  is  directly  reduced  to  metal, 
the  proportion  of  sulphate  in  both  cases  remaining  constant 
throughout.  These  reactions  will  continue  until  all  the  lead  is 
peroxidised  and  all  the  peroxide  reduced  ;  and  the  two  series 
of  compounds  through  which  the  active  materials  may  be 
supposed  to  pass  are  given  below,  commencing  with  the  two 
last  terms  of  the  previous  series,  which  represented  their 
composition  at  the  end  of  a  complete  discharge. 

Pbx2(S04)6  Pbx2(0.)6(S04)6 

Pb„(0.)(S04)6  Pbxa(0,)5(S04)6 

Pb,«(0.).(S04)6  Pbx2(0.)4(S04)6 

Pbx2(02)3(S04)6  Pbx2(0«)3(S04)6 

Pbx2(0.)4(S04)6  Pbx,(0,)»(S04)6 

Pbx3(02)5(S04)6  Pbxa(Qa).(S04)6 

Pbx.(0.)6(S04)6  Pbx2(S04)6 

In  this  way  the  composition  of  the  two  active  materials 
is  exactly  transposed  without  the  proportions  of  sulphate 
present  being  further  increased.  At  the  same  time  their 
molecular  structure  is  maintained  throughout  the  reversal, 
so  that,  although  the  internal  resistance  is  far  higher  than  at 
any  period  during  the  discharge  or  recharge,  the  conductivity 
of  the  active  materials  is  never  really  interrupted. 

The    following  equations  give  the  sum  of  the  reactions 
during  a  complete  reversal  in  their  simplest  terms. 
At  the  negative  : — 

At  the  positive  : — 

(  PbO.    i   .    H.  .    „  c;p.   _  j  PbS04  )       2H.O 
\  PbS04  )  "^  H,  "^  *^^^^4  -  I  pb        f  +  H»S04 

The  symbols  are  arranged  in  double  lines  to  indicate  the 
probable  dual  nature  of  the  reactions  to  which  I  have  just 
referred. 
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As  soon  as  all  the  lead  has  been  oxidised  at  the  one 
electrode  and  all  the  peroxide  reduced  at  the  other,  the 
reversal  is  finished,  and  the  back  E.M.F.  of  the  cell  rises 
rapidly  ;  but  as,  at  the  same  time,  the  proportion  of  sulphate 
begins  to  diminish  in  both  active  materials,  their  internal 
resistance  falls  with  equal  suddenness,  and  the  end  of  the 
reversal  is  consequently  not  marked  by  so  much  increase  in 
the  potential  difference  required  to  maintain  the  flow  of 
current  as  might  be  expected. 

The  next  stage  is  equivalent  to  the  recharge  of  a  cell 
which  ordinarily  follows  on  a  discharge,  except  that  the 
direction  of  the  current  and  the  composition  of  the  two 
active  materials  are  reversed;  but  in  either  case  the  reactions 
are  exactly  the  same,  and  consist  in  the  gradual  abstraction 
of  sulphate  from  both  active  materials  until  they  are  finally 
brought  back  to  lead  and  lead  peroxide,  just  as  they  existed 
at  the  commencement  of  the  discharge. 

The  series  of  compounds  through  which  this  is  effected 
will  be  similar  to  those  of  discharge,  but  now  occurring  in 
the  converse  order,  and  they  are  shown  as  the  last  stage  of 
the  two  series  given  on  the  next  page.  These  represent  the 
whole  of  the  changes  experienced  by  the  active  materials 
during  their  passage  through  a  complete  cycle  consisting 
of  discharge,  reversal,  and  recharge  ;  or,  by  passing  from 
the  one  series  to  the  other  along  the  diagonal  lines  con- 
necting similar  terms  in  the  two  series,  the  more  usual 
cycle  of  discharge  and  recharge  only. 

The  hypothetical  molecules  containing  twelve  atoms  of 
lead  are  still  presumed,  and  the  terms  in  the  first  two  stages 
—discharge  and  reversal— are,  of  course,  the  same  as  those 
already  given,  but  with  the  chemical  symbols  now  arranged 
slightly  differently. 

The  formulae  on  either  side  show  the  simplest  propor- 
tional composition  of  the  active  materials,  as  they  would 
appear  under  analysis,  at  some  of  the  intermediate  points. 

The  total  effects  of  the  recharge,  expressed  in  their 
simplest  terms,  are  as  follows  : 

At  the  negative  : — 


(PbS04)    .    H  -  ^^^''  4-  H  SO 
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At  the  positive : — 

J  PbS04)        gQ    4.  .H  O  -   ^^^^^\  +  ^H  SO 

To  make  the  account  of  the  charging  reactions  complete, 
it  would  be  necessary  to  consider  the  production  of 
persulphuric  acid,  112(804)2,  the  exact  constitution  of  the 
lead  peroxide  when  thoroughly  desulphated,  and,  closely 
connected  with  these,  the  abnormally  high  E.M.F.  obtained 
towards  the  end  of  the  charge  and  the  first  few  minutes  of 
discharge  ;  but  as  they  are  none  of  them  directly  related  to 
the  main  reactions,  I  do  not  propose  to  deal  with  them  here. 

Probably  of  all  the  phenomena  observed  in  storage  cells, 
the  least  studied,  but  the  most  interesting  and  important 
theoretically,  are  those  of  reversal.  Quite  apart,  indeed, 
from  their  direct  bearings  on  storage  battery  problems, 
the  electrolytic  conversion  of  electro-positive  lead  into 
electro  -  negative  lead  peroxide  and  vice  versa,  and  the 
molecular  mechanism  by  means  of  which  these  results 
are  effected  well  deserve  further  study  for  the  light  it 
may  throw  on  the  relationship  between  the  chemical  and 
electrical  forms  of  energy  as  well  as  on  other  problems 
of  chemical  physics. 

I  cannot  recall  ever  having  seen  any  definite  chemical 
theory  of  reversalprppounded,  but  believe  the  general  idea 
is — it  certainly  was  mine  for  a  long  time — that  at  both 
electrodes  the  active  materials  have  to  be  fully  converted 
into  lead  sulphate  before  they  can  undergo  further  oxidisa- 
tion or  reduction.  Indeed,  if  the  usual  explanations  of  the 
discharge  reactions  are  adapted  this  seems  to  be  the  only 
possible  procedure,  but  one  which  at  the  same  time  brings 
out  most  strikingly  the  discrepancies  between  fact  and 
theory.  The  view,  no  doubt,  appears  to  derive  support 
from  the  very  evident  "sulphating"  that  so  frequently 
accompanies  the  reversal  of  electrodes,  and  may,  if  they 
contain  large  masses  of  active  material,  lead  to  their  entire 
disintegration  in  its  endeavours  to  make  room  for  itself ;  but 
this  is  due  to  excessive  local  action,  as  will  be  explained 
later.  On  the  other  hand^  any  type  of  electrode  in  which 
the  active  material  is  distributed  in  thin  layers  may  be 
reversed  without ' showing  the  slightest  trace  of   sulphate 
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throughout  the  operation  or  suffering  any  loss  of  capacity 
provided  a  sufficiently  heavy  current  is  maintained. 

Fortunately  one  piece  of  evidence  exists  which,  to  my 
mind,  lends  strong  confirmation  to  the  views  I  have  put 
forward  as  to  the  real  nature  of  the  reactions  of  reversal, 
and  that  is  the  appearance  of  lead  peroxide  on  the  surface  of 
the  negative  active  material  towards  the  end  of  its  complete 
discharge  ;  but  although  the  fact  has  frequently  been  cited 
in  explanation  of  the  rapid  fall  of  voltage,  I  do  not  think 
its  full  significance  has  hitherto  been  realised.  As  Mr. 
Swinburne  once  pointed  out,  it  seems  almost  impossible  to 
suppose  that  the  peroxide  can  be  produced  by  the  cell's  own 
unaided  energy,  and  no  doubt  in  practice  it  is  brought 
about  by  a  reinforcement  of  its  potential  difference  from 
other  cells  in  series  with  it  and  not  so  fully  discharged. 
However  this  may  be,  it  does  not  affect  the  value  of  the 
observation  itself,  which  lies  in  showing  that  the  formation 
of  peroxide  sets  in  before  the  active  material  is  fully  sulphated 
and  in  indicating  how  the  reversal  commences.  I  am  not 
aware  that  uncombined  lead  has  ever  been  detected  in  the 
active  material  of  an  exhausted  positive ;  but  given  a  cell 
whose  negatives  have  the  larger  capacity  so  as  to  ensure  the 
positives  being  thoroughly  run  down,  and  I  think  some 
indications  of  it  might  be  found  if  discharged  under  suitable 
conditions.  More  probably  though,  no  test  can  be  devised 
to  which  the  metal  will  respond  with  the  same  ease  as 
its  peroxide,  and  before  it  is  re-oxidised  by  local  action. 

With  regard  to  the  assumption  I  have  made  earlier  in 
the  paper  that  the  proportional  composition  of  the  active 
materials  at  the  stage  where  their  resistance  rises  so  rapidly 
as  to  terminate  the  discharge  and  bring  about  the  reversal,  is 
Pb,  PbS04  and  PbOa,  PbS04  respectively,  my  chief  corro- 
boration, so  far  as  direct  analysis  is  concerned,  comes  from 
Mr.  Robertson's  analysis  of  positive  active  material  given 
in  Professor  Ayrton's  paper  of  1890.  He  found  that  the 
sediment  from  the  positives,  and  the  discharged  positive 
active  material  itself,  both  approximated  in  composition  to 
the  second  of  the  two  formulas  just  mentioned.  Unfortu- 
tunately,  neither  there  or  anywhere  else  that  I  know  of  are 
quantitative  data  given  as  to  the  composition  of  discharged 
negative  active  material,  but  I  have  repeatedly  found  that 
Plants   type   electrodes,  properly  reversed,  afford  just   the 
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same  output  whether  positives  or  negatives ;  so  that  if 
the  one  formula  is  accepted  the  other  should  hold  good 
also. 

Of  course  the  percentage  of  sulphate  present  in  the 
discharged  active  material  tells  nothing,  and  is  only 
misleading  unless  account  is  also  taken  of  the  sulphate  there 
at  the  commencement  of  the  discharge.  In  the  case  quoted 
above,  the  fully  charged  active  material  was  found  to  be 
quite  free  from  sulphate,  but  this  is  unusual  even  for  new 
electrodes,  and  most  exceptional  for  those  which  have  been 
in  use  for  any  length  of  time ;  consequently  in  many 
instances  the  percentage  of  sulphate  in  the  active  materials 
when  discharged  considerably  exceeds  that  required  by  the 
formula. 

A  more  practical  confirmation  based  on  the  general 
experience  of  a  large  number  of  people,  is  supplied  by  the 
specific  capacity  of  the  active  materials.  Although  only 
with  difficulty,  outputs  very  nearly  as  high  as  50  and  60 
ampere-hours  per  pound  of  active  material  have  been  and 
can  be  obtained,  corresponding  to  close  upon  50  per  cent 
sulphation  ;  but  never,  I  believe,  under  any  conditions 
whatever,  have  these  figures  been  exceeded. 

It  is  well  known  that  towards  the  end  of  a  discharge,  the 
curve  of  the  potential  difference  of  a  cell  varies  considerably 
in  character  according  as  the  negative  or  positive  electrodes 
have  the  smaller  capacity  and  are  the  first  to  give  out ; 
dropping  off  with  extreme  suddenness  in  the  former  case, 
and  more  gradually,  although  still  with  considerable 
rapidity,  in  the  latter  case.  Now  if,  as  I  maintain,  the 
potential  difference  at  this  stage  is  chiefly  controlled  by 
changes  going  on  in  the  conductivity  of  the  active 
materials,  then  the  lack  of  conformity  between  the  two 
curves  must  connote  a  corresponding  variation  in  the  way 
the  resistance  of  the  two  active  materials  rises.  At  the 
negative,  the  increase  is  sudden  and  large,  putting  a  very 
definite  limit  beyond  which  further  sulphation  is  impossible 
and  reversal  commences ;  and  analogy  with  the  sub-oxides 
of  lead  suggests  that  this  is  most  likely  to  occur  when  a 
composition  Pb3S04,  corresponding  to  PbaO,  is  attained. 
At  the  positive  the  rise  in  resistance  takes  place  more  slowly, 
and  although  soon  sufficient  to  bring  the  potential  difference 
down  to  the  point  at  which  the  discharge  is  usually  stopped, 
VOL.  XXIX  84 
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yet,  if  it  is  allowed  to  continue,  the  sulphation  is  able  to 
proceed  some  stages  further  with  a  steadily  falling  voltage. 
Here  again  analogy  with  the  oxides  of  lead  points  to  the 
change  commencing  at  the  composition  PbOa,  PbS04 
corresponding  to  the  sesquioxide  PbOa,  PbO,  and  augment- 
ing gradually  as  the  composition  of  the  active  material 
approaches  to  PbOa,  2PbS04  corresponding  to  red  lead 
PbOa,  2PbO. 

We  have  now  examined  the  normal  constitution  of  the 
active  materials  under  all  conditions  of  use,  and  I  have 
endeavoured  to  show  by  the  aid  of  the  hypothesis  of  poly- 
merisation how  at  every  stage,  except  when  fully  charged, 
it  consists  of  true  compounds  of  lead  sulphate  with  lead  or 
lead  peroxide ;  or,  during  the  period  of  reversal,  with  both 
at  the  same  time.  Yet  no  direct  chemical  evidence  can  be 
adduced  as  to  the  existence  of  any  one  of  these  compounds, 
with  the  possible  exception  of  Dr.  Frankland's  "brown  salt," 
PbOa,  2PbS04,  which  he  believes  he  isolated  in  1889,  *^"^ 
even  in  this  instance  Messrs.  Gladstone  and  Tribe  were 
unable  to  confirm  his  results.  To  all  chemical  tests,  the 
active  materials  behave  merely  as  mixtures  containing 
normal  lead  sulphate  in  various  proportions,  but  the  lack 
of  corroboration  in  this  direction  was  only  to  be  expected 
by  analogy  with  red  lead,  white  lead  and  similar  com- 
pounds, and  it  only  serves  to  show  the  degree  of  their 
instability. 

Unfortunately  there  is  other  most  troublesome  evidence  as 
to  the  extreme  feebleness  of  the  compounds  now  in  question  : 
not  only  do  they  break  up  under  all  chemical  tests  outside 
the  cell,  but  even  in  the  cell  itself  they  act  similarly  under 
many  conditions  that  cannot  in  practice  always  be  avoided, 
and  herein  we  have  the  origin  of  "  sulphating,"  and  the 
source  of  most  of  the  infirmities  which  so  largely  limit  the 
life  and  commercial  usefulness  of  lead  cells.  On  the 
slightest  provocation,  the  molecules  of  active  material  for- 
sake their  allotropic  or  polymeric  structure  and  are  resolved 
into  what,  from  a  general  chemical  standpoint,  would  be 
called  a  more  normal  state,  but  one  which  in  its  special  re- 
lationship to  storage  cells  I  shall  here  term  abnormal.  Each 
complex  molecule  splits  up  into  a  number  of  simpler  ones, 
some  of  normal  sulphate  and  others  of  lead  or  lead  peroxide. 
Taking  for  example  the  composition  of  the  fully  discharged 
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active  materials  as  represented  by  the  two  terms  previously 
given,  these  would  break  up  as  follows  : — 

Pbx2(S04)6  =  6Pb  +  6PbS04 
Pbi2(02)6(S04)6  =  6PbOa  +  6PbS04. 

Such  a  change  easily  accounts  for  all  the  effects  charac- 
teristic of  '*  sulphating."  The  rearrangement  of  structure 
can  hardly  be  accomplished  without  producing  some  altera- 
tion in  the  bulk  of  the  active  materials;  and  it  is  most 
probable  that  the  independent  molecules  of  sulphate  will 
require  more  room  than  w^hen  in  a  combined  state.  A  strain 
is  thus  put  on  the  active  materials  which  tends  to  reduce 
their  porosity  generally,  while  at  the  parts  where  the  sulpha- 
tion  actually  occurs  the  pores  will  be  almost  blocked  up.  If 
it  is  more  than  can  be  relieved  by  mere  compression  of  the 
active  materials,  their  disintegration  will  commence ;  and  if 
the  sulphation  is  excessive,  the  effect  extends  to  the  support, 
which  either  expands,  buckles,  or  bursts  asunder  according 
to  its  construction  and  the  amount  of  the  strain  experienced. 

It  is  difficult  to  suppose  that  the  free  molecules  of 
Pb  and  Pb02  can  themselves  long  escape  sulphation, 
and  so  visible  patches  of  white  non-conductive  irreducible 
sulphate  soon  make  their  appearance.  Other  known  results 
such  as  reduction  of  capacity  follow  obviously,  and  need  not 
be  dwelt  upon. 

Prolonged  contact  with  the  acid  electrolyte  appears  to 
be  quite  sufficient  in  itself  to  cause  the  active  materials  to 
pass  over  to  this  abnormal  state ;  but  in  all  probability  the 
result  is  largely  dependent  on  the  percentage  of  sulphate 
they  contain  and  only  becomes  acute  after  a  certain  stage  is 
reached,  for  in  practice  cells  left  on  open  circuit  are  found 
to  sulphate  more  or  less  according  to  the  extent  to  which 
they  have  previously  been  discharged. 

Fully  charged  active  materials  maintain  their  normal 
condition  with  considerable  tenacity,  but  it  is  quite  possible 
that  the  very  gradual  loss  of  capacity  so  often  experienced 
by  negative  electrodes,  and  for  which  no  satisfactory  expla- 
nation has  yet  been  offered,  may  be  due  to  a  change  of 
molecular  structure.  The  effect  is  generally  accompanied 
by  shrinkage  of  the  active  material,  and  in  this  connection 
it  is  somewhat  significant  to   note  that   Scbutzenberger's 
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allotropic  form  of  copper  was  found  to  revert  to  its  more 
usual  state  after  prolonged  immersion  in  dilute  sulphuric 
acid,  this  change  also  being  accompanied  by  shrinkage. 

Although  the  instability  of  the  active  materials  is  inherent 
in  their  very  nature  and  its  results  cannot  be  always  or 
entirely  avoided   under  any  practical  working  conditions, 
yet  much  of  the  trouble  is  usually  brought  about  by  minor 
causes,  some  of  which  at  any  rate  are  preventible.     Local 
action  due  to  impurities  in  the  electrodes  or  electrolyte,  or 
to  the  presence  of  active  oxygen  in  the  form  of  persulphuric 
acid  or  hydrogen  peroxide,  or  to  excessive  strength  of  acid, 
is  one  of  the  most  frequent.    The  active  materials,  especially 
if   fully  charged  or  nearly  so,  are  probably  first  partially 
sulphated  just   as  when  discharging,  and  so   disposed  to 
break   up   in   the  usual   way ;    but   the    local   action    may 
also  have  a  directly  disruptive  effect  upon  their  molecular 
constitution  as  the  proportion  of  sulphate  increases.    The 
most   marked   effects  of  local  action,  however,  are  exper- 
ienced during  the  period  of  reversal,  for  not  only  do  the 
molecules  of  active  material  then  contain  their  maximum 
of  sulphate,  but  both  lead  and  lead  peroxide  at  the  same 
time,  and  a  condition  of  far  greater  instability  results  even 
than  on  complete   discharge.      If  the  current   is  stopped 
during  this  stage,  local  action  and  sulphating  proceed  with 
great  rapidity,  and  they  are  not  entirely  checked   when 
the   current   is   flowing  unless   it   is  of  very  considerable 
strength.      On   this  account   it   is   impossible   properly   to 
reverse  many  types  of  electrodes,  for,  owing  to  the  very 
high    resistance   of    the    active    materials    throughout    the 
process,  the  current  is  most  unequally  distributed  and  only 
a  small   fraction   penetrates   the  portions   not   quite   close 
to  the  support.     Excessive  local  action  ensues,  and  even  if 
the  electrodes  are  not  rendered  useless,  the  active  materials 
will  be  choked  with  large  percentages  of  sulphate,  which  it 
is  impossible  to  reduce  afterwards. 

Another  cause  which  no  doubt  plays  a  considerable  part 
in  breaking  down  the  normal  constitution  of  the  active 
materials,  is  undue  weakness  of  the  electrolyte.  This  con- 
dition seldom  exists  in  the  bulk  of  the  solution,  but,  ovVing 
to  imperfect  diffusion,  as  is  fully  explained  in  the  first  part 
of  this  paper,  is  frequently  realised  during  discharge  by  the 
portion  contained  in  the  pores  of  the  active  materials.    Most 
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probably,  as  soon  as  the  percentage  of  acid  present  falls 
below  a  certain  limit,  incomplete  sulphation  occurs,  and 
compounds  containing  lead  monoxide  or  hydrated  mon- 
oxide, Pb(HO)2,  are  then  produced  ;  and  the  variations  in 
the  specific  gravity  of  the  electrolyte  during  discharge 
sometimes  agree  best  with  a  reaction  of  this  nature.  Dis- 
tinct evidence,  indeed,  has  frequently  been  obtained  of  the 
presence  of  monoxide  in  discharged  positive  active  material, 
and  upon  this  has  been  based  an  oxidation  theory  of  the 
cell  reactions,  which  assumes  that,  at  the  positive  at  any  rate,* 
the  formation  of  sulphate  is  only  an  incidental  result,  con- 
tributing nothing  to  the  E.M.F.,  and  being,  in  amount,  no 
function  of  the  output. 

I  prefer,  however,  to  adopt  the  explanation  I  have 
suggested  above,  and  consider  that  whenever  indications  of 
imperfect  sulphation  are  observed  they  do  not  show  the 
double  sulphation  theory  to  be  at  fault,  but  rather  point  to 
defective  working  conditions  which  prevent  the  proper  and 
normal  reaction  from  taking  place. 


Dr.  H.  E.  Armstrong:  I  think  that  the  Institution  of  Electrical  ?J; 
Engineers  is  greatly  to  be  congratulated  on  having  received  so  valuable 
a  paper  on  so  important  a  subject.  Mr.  Wade  has  stated  his  case  with 
a  clearness  which  is  altogether  unusual  in  dealing  with  matters  of  this 
kind ;  and  his  arguments  are  throughout  logical  and  reasonable,  and 
stated  in  a  language  to  which  one  cannot  object  from  any  ordinary 
point  of  view.  One  may  not  share  all  his  opinions,  but  throughout  he 
argues  his  case  in  such  a  way  that  we  cannot  in  the  slightest  degree 
take  objection  to  the  manner  in  which  he  states  it. 

Mr.  Wade  first  discusses  the  nature  of  the  changes  which  go  on  in 
the  accumulator.  We  have  worked  at  this  subject  in  the  Chemical 
Department  at  the  Central  Technical  College  for  ten  years  past,  and 
the  analyses  which  Professor  Ayrton  and  his  colleagues  communicated 
to  this  Institution  in  1893  were  carried  out  by  Mr.  Robertson  in  my 
laboratory.  Ever  since  then  I  have  felt  that  the  cell  offers  a  great 
many  problems  for  study,  both  to  the  chemist  and  the  electrician. 
This  evening  we  are  embarking  on  a  new  period,  and  may  congratulate 
ourselves  on  having  at  last  made  some  slight  advance  in  the  treatment 
of  the  problem.  Mr.  Wade  puts  forward,  in  the  first  instance,  the 
conventional  idea  that  we  deal,  on  the  one  hand  with  lead,  and  on  the 
other  with  lead  peroxide.  During  the  discharge  these  are  converted 
into  sulphates  on  both  sides,  and  on  re-charging  we  obtain  a  reversion 
again.  Although  that  simple  equation  expresses  the  final  result, 
probably  a  very  great  deal  happens  in  between.  We  are  not  at  all 
in  a  position  at  the  present  time,  however,  to  say  what  it  is  that  thus 
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J*^-  happens  in  the  electrolysis  of  lead  salts  in  sulphuric  acid  solutions. 

The  phenomena  we  have  to  deal  with  in  this  case  are  undoubtedly  com- 
plicated. Although  many  years  have  elapsed  since  Faraday  electrolysed 
sulphuric  acid,  we  practically  know  very  little  more  now  than  we  did 
when  he  ceased  working  at  the  subject.  It  is  astonishing  how  very 
little  advance  has  been  made,  notwithstanding  the  extraordinary 
importance  that  attaches  to  the  subject.  It  is  certain,  however,  that 
electrolysis  of  sulphuric  acid  does  not  take  place  in  the  simple  way 
which  is  ordinarily  assumed.  There  are  a  variety  of  explanations, 
which  I  will  not  enter  into  now,  but  probably  there  are  many  products 
evolved  which  play  an  important  part  in  the  case  of  the  accumulator, 
but  which  have  received  very  little  attention  ;  and  I  think  the  author 
*  has  scarcely  sufficiently  noted  the  possibility  of  changes  which  take 

place  in  the  electrolyte  and  which  affect  sulphation.  On  the  other 
hand,  the  problem  of  the  electrolysis  of  lead  salts  is  a  very  difficult  one. 
We  do  not  in  the  least  understand  how  the  lead  peroxide  is  formed 
from  the  sulphate.  Its  production  is  a  peculiar  phenomenon.  Many 
lead  salts  cannot  be  electrolysed  without  peroxide  being  formed  ;  that 
is  to  say,  when  you  pass  the  current  though  a  lead  solution  you  get 
peroxide  on  the  anode,  and  the  whole  of  the  lead  cannot  therefore  be 
obtained  in  the  metallic  state  on  the  cathode.  On  the  other  hand, 
there  are  solutions  from  which  you  can  get  the  whole  of  the  lead  as 
lead,  without  any  trace  of  peroxide  being  formed.  I  have  been  working 
at  the  subject  for  the  last  two  years,  and  I  cannot  get  any  clue  as  to  what 
determines  the  formation  of  peroxide,  in  some  cases,  and  the  production 
of  lead  and  of  lead  only  in  others.  I  refer  to  these  matters  in  order  to 
emphasise  the  fact  that  there  is  much  to  be  learned  yet  with  regard  to 
what  happens  both  to  sulphuric  acid  and  to  these  lead  compounds  on 
electrolysis.  But,  after  all,  that  does  not  greatly  affect  Mr.  Wade's  point. 
He  attaches  importance  to  the  kind  of  lead  compound  which  is  formed, 
and  has  put  forward  a  theory  which  is  a  perfectly  rational  one  in  its 
way — that  you  are  never  dealing  with  lead  peroxide  alone  or  with  lead 
sulphate  alone,  but  that  you  are  dealing  with  a  more  complex  sub- 
stance which  contains  both  those  constituents.  He  thinks  that  is  the 
explanation  of  the  conductivity  of  the  material  in  the  cell  as  com- 
pared with  the  want  of  conductivity  which  is  shown  by  lead  sulphate. 
No  doubt  a  great  d^l  may  be  said  for  this  theory,  but  I  would  call 
attention  to  a  paragraph  in  Mr.  Wade's  paper  where  he  says  :  "  Un- 
fortunately there  is  other  most  troublesome  evidence  as  to  the  extreme 
feebleness  of  the  compounds  now  in  question."  I  am  inclined  to 
think  that,  except  in  one  practical  point,  he  does  not  help  himself  very 
much  by  assuming  the  existence  of  these  compounds,  as,  if  they  exist 
at  all,  they  are  excessively  unstable  substances.  He  has,  however,  put 
forward  a  theory  which  enables  us  to  understand  why  it  is  that  only 
about  half  the  peroxide  present  in  the  material  is  available.  That 
result  was  established  by  Professor  Ayrton  and  his  colleagues  through 
their  examination  of  plugs  taken  from  plates  which  had  been  treated 
in  various  ways.  Whether  it  is  good  as  theory  or  not,  it  is  good  as  fact, 
for  undoubtedly  you  cannot  get  much  beyond  that  point.  My  only 
^  object  in  speaking  about  that  fact  is  to  say  that  although  Mr.  Wade*s 
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case  is  a  reasonable  one,  I  do  not  think  there  is  very  much  in  it.'  I  J^trong. 
venture  to  think  that  the  important  part  of  Mr.  Wade's  paper  is  the 
latter  portion,  in  which  he  discusses  the  character  of  structure  that  is 
necessary  in  order  to  ensure  the  maximum  rate  of  discharge  and 
charge.  He  has  laid  emphasis  upon  porosity — upon  the  absolute  need 
for  free  diffusion  of  acid  into  the  material — and  this  is  really,  I  think, 
the  critical  feature  in  connection  with  storage  cells.  What  he  has  said 
with  regard  to  the  need  of  increasing  the  porosity  of  the  medium  is 
really  the  practical  key  to  the  position.  If  we  are  to  improve  the 
discharge  and  charge  rate  of  cells,  it  must  be  by  operating  in  the 
direction  he  has  pointed  out.  From  a  practical  point  of  view  his 
arguments  appear  to  be  perfect ;  but  I  am  not  prepared  to  go  with  him 
in  the  theoretical  arguments  which  he  has  put  forward.  If  you  picture 
to  yourselves  what  is  going  on  in  the  cell,  you  can  see  at  once  it  is 
absolutely  needful  there  should  be  a  high  degree  of  porosity  conferred 
upon  the  material.  There  is  a  very  large  requirement  of  acid  at  both 
plates ;  and  the  acid  is  one  which  diffuses  at  a  comparatively  slow  rate. 
On  the  one  hand,  you  are,  during  discharge,  depleting  the  solution  of  acid, 
and  therefore  you  are  not  only  varying  the  resistance  and  the  rate  at  which 
chemical  change  can  take  place,  but  you  are  also  perhaps  changing  its 
character ;  while,  on  the  other  hand,  when  you  are  charging  your  cell  you 
are  loading  the  pores  with  strong  acid.  One  can  see,  therefore,  that  it  is 
essential  that  there  should  be  a  free  passage  of  acid  both  into  and  out  of 
the  porous  material.  In  these  two  respects  Mr.  Wade  has  put  the  case 
before  us  in  a  very  clear  way.  He  has  given  a  clear  indication  of  the  lines 
upon  which  we  can  proceed  in  calculating  the  efficiency  of  the  cell,  and 
he  has,  I  think,  led  the  way  so  far  as  practical  improvements  in  the  cell 
arc  concerned,  by  insisting  very  strongly  on  the  need  of  great  porosity. 

Professor  W.  E.  Ayrton  :  The  paper  which  Mr.  Wade  has  given  Professor 
us  on  Storage  Battery  Problems  is  probably  one  of  the  best  that  it  ^^'^^' 
has  been  our  good  fortune  to  listen  to  for  many  a  long  day,  and  I 
feel  sure  that  at  the  present  time  we  should  know  much  more  about 
storage  cells,  and,  perhaps  what  is  more  important,  we  should  have 
much  better  storage  cells,  had  we  been  favoured  with  many  papers 
like  Mr.  Wade's,  combining  the  same  clearness  of  thought,  lucidity 
of  expression,  and  emphatic  direction  as  to  what  we  ought  to  aim 
at  doing  in  order  to  improve  the  accumulator.  Dr.  Armstrong  has 
referred  to  those  very  interesting  experiments  that  Mr.  Robertson, 
his  assistant  at  that  time,  was  so  good  as  to  carry  out  for  us  in  1890 
on  the  analysis  of  the  plugs  in  the  porous,  the  peroxide  plate.  Referring 
to  this  test,  the  author,  on  page  469,  says  that  "  In  this  special  instance 
the  previous  treatment  of  the  cell  was  exceptionally  favourable,  and 
as  on  a  12-hour  discharge  rate  its  capacity  came  out  about  33  per 
cent,  above  its  listed  value,  it  had  evidently  been  worked  up  to  a 
state  of  efficiency  but  seldom  obtained,  still  less  maintained."  Now, 
why  is  it  absolutely  true  that  the  cell  was  in  a  state  of  efficiency  seldom 
attained,  still  less  maintained  ?  Was  it  because  we  were  dealing  with 
a  perfectly  new  cell  or  with  a  cell  supplied  us  by  the  Electrical  Power 

'  Cf.  Royal  Society  Proceedings^  1891,  50,  105. 
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Storage  Company  especially  for  our  experiments  ?  Nothing  of  the 
kind.  The  reason  was  indicated,  but  we  probably  did  not  succeed 
in  impressing  upon  the  world  ten  years  ago  what  were  the  conditions 
necessary  for  the  success  of  pasted  accumulators.  The  cell  which  gave 
those  results  had  been  in  daily  use  in  my  laboratory  for  quite  two  years 
before  the  experiments  were  carried  out,  and  these  were  the  words 
we  used  in  the  paper  we  gave  in  1890  on  "  Notes  on  the  Chemistry 
of  Secondary  Cells."  (This  Journal,  1890,  vol.  xix.,  p.  660.)  "The 
cell  selected  to  remove  the  plugs  from  had  the  same  size  as  the  cells 
employed  in  the  investigations  described  in  a  previous  communication, 
and  was  one  of  the  batch  of  fifty  purchased  for  the  Central  Institution 
about  the  middle  of  1888.  Since  it  first  came  into  our  possession  it- 
had  nei^er  been  overcharged^  ne^^er  been  left  discharged,  nor  permitted 
to  send  more  than  the  maximum  current  allowed  by  the  makers,  and 
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consequently  at  the  beginning  of  the  present  investigation  in  June  oj 
this  >'^ar  [1890]  this  cell  was  in  excellent  condition."  And  I  may  emphasise 
now  what  we  stated  at  that  time — viz.,  that  the  proportion  of  liquid 
to  plates  was  much  larger  than  is  usual  in  cells.  Another  condition 
was  scrupulously  adhered  to,  and  it  is  one  to  which,  for  a  very  practical 
reason,  I  want  to  draw  special  attention.  At  the  commencement  of 
this  investigation  referred  to,  ten  years  ago,  we  discharged  the  cells 
day  after  day.  The  experiments  were  made  by  successive  charging 
and  discharging  by  automatic  machinery,  week  after  week,  day  and 
night,  without  intermission,  in  order  to  get  the  cell  into  its  perfectly 
normal  condition ;  and  the  discharge  limit  was  initially  fixed,  for  a 
reason  given  in  that  paper,  at  i*6  volts,  as  shown  in  Fig.  A.  We  soon 
found  out,  however,  as  explained  in  the  previous  paper  on  the  Working 
Efficiency  of  Secondary  Cells,  that  we  were  ruining  the  cells.  For  the 
charging  became  more  and  more  difficult  (it  became  impossible  to  put 
the  energy  into  the  cell  because  the  potential  difference  rose  so  rapidly), 
and  also  that  it  gradually  became  impossible  to  get  any  considerable 
amount  of  energj^  out  of  the  cell.  After  a  number  of  experiments  in  the 
summer  of  1890,  we  decided  that  it  was  because  we  were  letting  this 
potential  difference  go  down  too  low,  and  we  found  if  we  stopped  at  i'8 
volt  and  took  off  that  small  fraction  of  the  discharge,  instead  of  ruining 
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the  cells  we  were  able  to  make  them  go  through  the  same  cycle  with  ?Jjf^®°*" 
absolute  exactness  in  their  repetition.  On  that  occasion  the  novel  fact 
was  pointed  out,  viz.,  that  the  discharge  should  be  stopped  when  the 
potential  difference  fell  to  i"8  volts,  sfnd  we  mentioned  in  that  paper 
that  Dr.  Louis  Duncan  and  Mr.  H.  Wiegand,  experimenting  in  the 
Johns  Hopkins  University  in  the  same  year,  had  arrived  at  the  same 
result.  I  lay  so  much  stress  on  the  fact  that  if  you  stop  at  i'8  instead 
of  1*6  volt  you  keep  your  cells  in  good  order  and  do  not  ruin  them, 
because  this  last  fortnight  I  have  been  told  by  two  independent  persons 
— I  do  not  know  how  far  their  information  is  authoritative — that  that 
explains  the  difficulties  of  the  London  Electric  Cab  Company.  A 
sort  of  controversy  took  place  in  the  electrical  press  last  year  to 
this  effect :  The  Electric  Power  Storage  Company  had,  it  was  said, 
entered  into  an  undertaking  for  20  per  cent,  of  the  prime  cost  per 
annum  to  keep  the  cells  up  to  a  certain  percentage  of  their  normal 
capacity  for  three  years.  The  Cab  Company  came  to  an  abrupt  end, 
and  one  of  the  electrical  papers  suggested  that  probably  accumulators 
were  responsible  for  the  difficulty,  and  rather  implied  that  the  Electric 
Power  Storage  Company  had  not  fulfilled  its  obligation.  The  latter 
company  wrote  a  letter,  which  was  published  in  the  paper  with  a 
very  proper  apology,  to  the  effect  that  the  Electric  Power  Storage 
Company  had  carried  out  their  obligation  absolutely  to  the  letter ; 
and  yet  still  there  remained  the  question  that  the  Cab  Company 
had  ceased  to  exist.  I  am  told,  as  I  say,  the  explanation  was  that 
the  Storage  Company  agreed  to  keep  the  accumulators  up  to  a  certain 
percentage  of  their  normal  capacity,  for  20  per  cent,  per  annum,  the  cells 
being  used  every  day  and  charged  every  night,  provided  that  they 
were  never  allowed  to  go  below  the  limit  that  we  had  arrived  at 
in  our  1890  investigation,  viz.,  I'S  volts  per  cell.  I  am  told  that 
this  was  a  clause  in  the  contract,  but  that  unfortunately  the  Cab 
Company  did  not  in  the  least  appreciate  the  importance  of  the 
condition,  and  the  result  was  that  when  the  cells  began  to  wear  out, 
when  cabs  came  in  and  they  were  tested,  the  cells  were  found  to  have 
run  down  to  lower  than  i*8  volts  per  cell.  The  Electric  Power  Storage 
Company  were  able  to  say,  so  I  am  informed,  keeping  strictly  to  the 
agreement,  "  That  cab  is  outside  the  contract " ;  and  so  one  by  one 
they  went  outside  the  contract  until  the  whole  of  the  cabs  were  outside 
it.  The  Electric  Power  Storage  Company  were  quite  willing  to  keep 
them  in  order  if  the  condition  had  been  fulfilled.  It  is  quite  possible 
that  this  is  a  fact.  Another  accumulator  company,  to  whom  I  mentioned 
this  matter,  told  me  they  also  believed  it  was  a  fact,  and  that  they 
in  their  maintenance  contracts  insisted  on  the  cell  being  stopped  at 
I '8  and  not  allowed  to  fall  to  an  appreciably  lower  number  of  volts.  If 
that  is  so,  if  the  experiments  that  we  have  carried  out  are  borne  out 
by  all  this  experience,  why  do  not  people  realise  that  adding  a  mere 
fraction  of  discharge  energy  seen  to  the  right  of  the  ordinate  that 
happens  to  pass  through  1 1  hours  in  Fig.  A  means  ruin  to  the  cells  and 
ruin  to  the  company?  Why  not  put  prominent  volt-meters  on  the 
splash-boards  of  the  cab,  and  tell  the  cab-driver,  '^  On  pain  of  your 
life,  come  home  when  you  see  the  pointer  at  i*8  volts  per  cell "  ? 
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I  will  now  go  to  the  other  most  interesting  point  to  which  Mr. 
Wade  has  drawn  attention.  He  considers  that  the  failure  of  the  cell 
is  mainly  due  to  the  want  of  porosity.  There  are  certain  reasons  which 
bear  that  out,  and  certain  reasons  about  which  I  am  not  sure  whether 
they  do  or  do  not  bear  out  his  theory,  but  I  should  like  to  put  them 
before  him  in  order  that  so  competent  an  authority  can  express  his 
views.  The  first  point  is  perfectly  well  known,  that  in  ordinary 
discharge  the  potential  difference  of  the  cell  falls  very  rapidly  at 
the  beginning,  though  the  current  is  kept  quite  constant,  then  very 
slowly,  and  then  again  very  rapidly.  This  first  rapid  fall,  which  occurs 
in  the  first  half-hour  or  so,  does  not  occur  at  all  in  a  cell  if  it  has 
been  left  charged  for  a  considerable  time.  Supposing  you  get  one 
of  these  cells,  as  described  in  the  paper,  into  a  perfectly  normal 
condition,  charging  and  discharging  without  intermission  for  many 
days  and  weeks,  the  same  curve  being  produced  over  and  over  again, 
for  charging  and  discharging,  and  then  you  carefully  insulate  the  cell, 
take  off  the  wires,  and  leave  it  for  a  fortnight :  what  is  the  shape 
of  the  curve  of  the  first  discharge,  when,  of  course,  the  strong  acid 
which  is  put  into  the  pores  during  the  charging  has  had  plenty  of 
time  to  diffuse  throughout  the  cell  ?    I  do  not  know  whether  Mr.  Wade 

remembers,  but  the  curve,  so  far 
from  coming  down,  starts  low  and 
rises  a  little  (see  Fig.  B).  After 
a  period  of  a  fortnight,  the  cell 
being  well  insulated  and  then  dis- 
charged, a  curve  is  given  which 
begins  to  rise  as  the  discharge  goes 
on,  and  then  falls  afterwards.  The 
absence  of  fall  at  first  would  tend, 
no  doubt,  to  bear  out  the  idea 
that  the  strong  acid  put  into  the 
pores  in  charging  had  had  time  to 
diffuse.  There  was  no  strong  acid  in  the  pores,  therefore  there  was 
no  sudden  fall.  But  what  about  the  rise  ?  How  is  that  explained  ? 
You  can  hardly  imagine  that  the  discharge  of  the  cell,  which  we 
know  produces  sulphate,  which  uses  up  sulphuric  acid,  would  in  any 
way  strengthen  the  acid,  and  therefore  there  does  not  seem  to  be 
any  special  reason  why  the  potential  difference  for  constant  current 
should  begin  to  rise  after  a  rest. 

I  now  come  to  something  which  is  even  more  noteworthy,  because 
it  has  a  very  important  practical  application.  There  are  two  wajrs, 
of  course,  in  which  cells  can  be  charged.  They  are  usually  charged 
with  something  like  constant  current,  but  another  method  which,  I  am 
happy  to  say,  is  becoming  much  used  because  of  its  great  improve- 
ment, is  to  charge  them  at  constant  potential. 

Two  of  my  students,  Mr.  Cahen  and  Mr.  Donaldson,  described 
to  the  British  Association  in  Bristol  the  result  of  an  investigation  of  the 
charging  of  a  Tudor  cell  with  constant  current  in  the  ordinary  way  and 
with  constant  potential.  Supposing  you  take  a  charge  with  constant 
current  in  the  ordinary  way :  the  potential  difference  must  rise.  The  rise 


5  20 

w 

0123456 
Time  in  Hours  from  Beginning  of  Discharge 

Fig.  B. 


Digitized  by  LjOOQ  IC 


1900.] 


DISCUSSION. 


601 


is  very  rapid  towards  the  end,  and  you  have  a  period  of  much  gassing  ?^^^ 
and  a  considerable  waste  of  energy  (see  Fig.  C).  Mr.  Wade  has  given  us 
his  explanation  of  the  gassing.  Suppose,  instead  of  having  a  constant 
current  of  (say)  20  amperes,  with  a  gradually  increasing  potential,  you 
start  with  2*5  volts  constant  potential  difference  (see  Fig.  D).  I  nitially  there 
is  an  enormous  current  (perhaps  180  amperes  instead  of  20),  and  as  the 
current  rapidly  falls,  you  are  able  to  put  in  the  charge  in  a  fraction  of 
the  time ;  in  fact,  the  major  portion  of  the  charge  is  put  in  in  about  40 
or  60  minutes  instead  of  in  (say)  3  hours  and  20  minutes,  and  (which  is 
very  important)  you  get  no  gassing,  because  the  gassing  does  not  occur 
until  the  current  has  been  reduced  to  (say)  20  amperes.  Apparently  it  is 
not  the  high  voltage  that  causes  gassing ;  gassing  occurs  quite  at  the  end 
of  the  charge,  whether  you  raise  the  potential  difference  to  keep  the  current 
constant,  or  keep  the  potential  difference  constant  and  let  the  current  fall. 
In  the  former  case  you  cannot  prevent  gassing  without  stopping  a  great 
deal  of  the  energy  being  put  into  the  cell ;  whereas,  in  the  latter  case, 
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Fig.  C— Tudor  Cell  Charging  at  a  Constant  Current  of  20  Amperes. 


you  can  entirely  cut  off  the  gassing,  because  if  you  stop  charging  at  the 
moment  when  gassing  commences,  you  will  already  have  put  in  almost 
the  whole  of  the  energy  required.  You  might  have  thought  the  very 
large  current  in  charging  at  constant  pressure,  owing  to  its  production 
of  very  strong  acid  in  the  pores,  would  not,  according  to  Mr.  Wade's 
idea,  allow  much  energy  to  be  put  into  the  cell ;  on  the  contrary,  this 
arrangement  puts  more  energy  into  the  cell  in  a  short  time  than  the 
other  puts  into  it  in  three  or  four  times  the  time.  Further,  not  only  is 
more  energy  put  into  the  Tudor  cell  at  each  of  the  charges  at  constant 
P.D.  than  at  each  of  the  charges  at  constant  current,  but,  what  is  equally 
important,  more  energy  is  given  out  by  the  cell  at  each  of  the  discharges 
after  a  constant  P.D.  charge  than  at  each  of  the  discharges  after  a  con- 
stant current  charge.    This  is  shown  clearly  in  the  table  on-  page  503  :— 
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Method  of  Charging. 

Watt  hours  put  in. 

Watt  hours  given  out. 

Constant  Current 

Constant  P.D 

151-8 
231-2 

123 
163 

Professor 
Ayrton. 


With  such  an  extremely  rapid  production  of  sulphuric  acid  in  the  pores 
it  might  be  inferred  from  Mr.  Wade's  paper  that  you  could  not  get 
much  energy  in,  your  cell  would  act  very  badly,  there  would  be  a  great 
deal  of  gassing,  and  the  electrolyte  would  be  forced  out,  etc.  For  he 
says  in  his  paper :  "  The  outer  layers  of  active  material  will  absorb 
more  thap  their  due  proportion  of  the  current,  and  by  the  time  they 
are  fully  desulphated  the  inner  layers,  as  yet  only  partially  charged,  will 
be  surrounded  by  abnormally  strong  acid  to  enable  them  to  .maintain 
an  equivalent  voltage.  Unless,  therefore,  the  current  is  prolonged  for 
a  time  after  "gassing"  has  commenced  and  the  end  of  the  recharge 
only  determined  by  a  sufficiently  high  potential  difference  being  attained, 
there  is  some  likelihood  of  the  inner  layers  not  receiving  their  proper 
charge  at  all."  But,  in  practice,  you  get  nothing  of  the  kind.  By 
making  the  current  some  170  amperes  at  first,  and  letting  it  fall  as  it 
does  fairly  rapidly,  you  first  diminish  the  time  of  charging  by  more  than 
two-thirds,  you  prevent  all  gassing,  and  put  more  energy  into  the  cell  as 
well  as  get  more  energy  out  of  the  cell  than  you  can  with  constant 
current.  I  put  that  before  Mr.  Wade  because  the  very  important 
practical  result  appears  somewhat  to  oppose  his  theory  that  the  im- 
portant defect  in  the  existing  accumulator  is  the  absence  of  sufficient 
molecular  porosity. 

Mr.  W.  HiBBERT :  I  confess  that,  although  I  have,  perhaps,  as  high  Mr.  Hibbert 
an  opinion  of  the  paper  as  that  expressed  either  by  Professor  Armstrong 
or  by  Professor  Ayrton,  I  shall  not  be  able  quite  so  consistently  to  agree 
with  the  author.  We  began  working  at  this  subject  in  Dr.  Gladstone's 
laboratory  in  the  earliest  days  of  the  accumulator,  and  as  I  myself  worked 
at  every  experiment  that  has  been  tried  there,  both  on  the  chemical 
and  on  the  physical  side,  I  am  well  acquainted  with  the  history  of  the 
subject.  Up  to  the  time  at  which  the  work  was  begun,  it  was  the 
common  practice  to  attribute  the  actions  that  were  going  on  to  the 
action  of  hydrogen  and  oxygen,  and  the  presence  and  function  of 
sulphuric  acid  was  altogether  ignored.  When  the  first  papers  were 
published,  the  theory  advanced  was  not  accepted.  Dr.  Frankland, 
in  the  following  year,  1883,  advanced  the  same  theory  in  a  slightly 
different  form,  and  from  that  day  to  this  there  have  been  investigations 
by  Reynier,  Crova,  Heim  and  Kohlrausch,  Ayrton,  Robertson,  etc.,  all  of 
which  tend  to  confirm  the  notion,  admitted  even  by  Mr.  Wade,  that  the 
sulphate  of  lead  is  the  thing  which  is  actually  formed  in  the  cells.  You 
will  find  in  the  January  issue  of  Science  Abstracts  (Abstract  No.  242) 
an  exceedingly  good  paper  by  Mugdan  which  is  well  worth  study,  but 
which  I  am  afraid  does  not  confirm  some  of  the  conclusions  drawn,  and 
some  of  the  positions  taken,  by  Mr.  Wade.    To  begin  with,  Mr.  Wade 


Digitized  by  LjOOQ  IC 


604  WADE:  STORAGE  BATTERY  PROBLEMS.    [March  22nd, 

Mr.  Hibbcrt.  explicitly  says  that  he  founds  his  position  largely  upon  the  fact  that  the 
lead  on  the  one  side  and  the  peroxide  of  lead  on  the  other  are  in 
allotropic  modifications.  Dr.  Armstrong  rightly  says  that  the  paper  is 
exceedingly  logical,  but  I  fear  that  its  premises  are  not  right.  1 
challenge  the  position  that  the  lead  and  the  peroxide  of  lead  are  in  an 
allotropic  condition.  The  proof  of  that  depends  upon  experimental 
trial  and  examination  ;  and  if  Mr.  Wade  wished  to  put  the  full  benefit 
of  his  theory  before  us,  he  should  have  expended  his  strength  mainly 
upon  that  particular  portion  of  his  work.  My  reason  for  challenging  it 
is  this  :  He  quotes,  in  the  first  place,  the  work  of  Darrieus,  who 
described  certain  experiments  tending  to  show  that  the  lead  in  the 
accumulator  is  in  a  condition  di£Ferent  from  that  of  ordinary  lead.  Mr. 
Wade  mentions  in  support  of  this  that  any  mechanically  prepared  lead, 
even  in  a  very  finely  divided  condition,  will  have  but  a  fraction  of 
the  capacity  of  the  lead  prepared  by  electrolysis ;  and  that  the  lead 
in  a  negative  plate,  if  exposed  to  the  air,  very  rapidly  undergoes 
oxidation,  giving  rise  to  a  great  evolution  of  heat.  I  have  repeated 
some  twenty  times  the  experiment  of  Darrieus,  which,  on  the  surface, 
appears  to  be  an  easy  one,  but  is  not  really  so ;  but  I  have  generally 
failed  to  get  any  confirmation  of  liis  theory.  My  reason  for  doubting 
the  allotropic  condition  of  the  peroxide  on  the  other  plate  of  the  battery 
is  that  Dr.  Shields,  an  exceedingly  capable  experimenter,  determined 
the  electrical  resistance  of  different  specimens  of  lead  peroxide,  some 
prepared  electrolytically  and  some  by  pure  chemical  agency,  and  the 
difference  between  the  specific  resistances  of  the  two  materials  was  so 
small  that  I  think  the  observation  tells  very  strongly  in  favour  of  the 
idea  that  they  do  not  differ  in  any  allotropic  sense.  Moreover,  17  or 
18  years  ago  I  made  accumulators  in  which  the  negative  plate  was  made 
of  lead  that  had  been  precipitated  from  the  acetate  by  means  of  metallic 
zinc,  a  well-known  method  of  getting  finely  divided  lead,  and  one  that 
does  not  involve  any  kind  of  electrolytic  operation.  Unfortunately  I 
have  not  access  to  Mr.  Tribe's  note-books,  containing  the  details  of 
these  experiments  which  I  am  now  speaking  of,  and  which  were  not 
done  in  Dr.  Gladstone's  laboratory;  but,  as  far  as  I  remember,  the 
negative  plates  containing  lead  precipitated  by  zinc  showed  the  same 
E.M.F.  and  the  same  capacity,  to  all  intents  and  purposes,  as  the 
negative  plates  prepared  electrolytically.  For  these  reasons  I  venture 
to  say  that  the  basis  of  argument  is  not  sufficiently  well  founded,  and 
that  we  have  no  good  reason  for  supposing  that  either  lead  or  peroxide 
of  lead  are  in  allotropic  conditions.  A  very  great  deal  depends  upon 
that,  and  I  need  not,  therefore,  follow  some  of  the  developments  which 
Mr.  Wade  founds  upon  this  assumption  in  the  course  of  his  paper. 

Dr.  Armstrong  has  intimated  that  there  is  a  great  deal  still  to  be 
found  out.  That  must  be  frankly  admitted,  but  it  is  very  important 
that,  in  trying  to  find  it  out,  we  should  remember  what  has  already 
been  discovered.  My  reason  for  mentioning  that  is  the  statement  on 
p.  493,  that  "  Fully  charged  active  materials  maintain  their  normal  con- 
dition with  considerable  tenacity,  but  it  is  quite  possible  that  the  very 
gradual  loss  of  capacity  so  often  experienced  by  negative  electrodes,  and 
for  which  no  satisfactory  explanation  has  yet  been  offered,  may  be  due 
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to  a  change  of  molecular  structure.  Clearly  there  is  a  tendency  here  to  ***"•  Hibbert. 
found  explanations  in  the  changes  of  molecular  structure.  Yet  Professor 
Ayrton's  paper,  in  1890,  gives  the  explanation  sought.  His  papers 
showed  that  when  the  cells  are  allowed  to  stand,  hydrogen  gas  is,  after 
a  time,  evolved  from  the  lead  plates  by  simple  chemical  action.  Lead 
sulphate  is  being  formed  in  the  pores  of  the  lead  plate,  and  necessarily 
the  capacity  diminishes  with  the  lapse  of  time.  Professor  Ayrton,  in  a 
note  to  that  paper,  showed  that  Dr.  Gladstone  and  I  had  described  the 
same  fact  a  month  or  two  previously  in  the  Philosophical  Magazine.  I 
have  since  found  that  Streintz,  a  German  worker  referred  to  in  the 
paper,  hsld  made  the  same  observation  before  Dr.  Gladstone  and  myself 
had  seen  it.  But  at  a  still  later  date  I  have  found  that  at  least  two  or 
three  years  previously  Mr.  Swinburne  had  observed  the  same  fact,  and 
described  it  in  the  Journal  of  this  Institution.  Hence  it  will  not  do  to 
go  on  making  new  observations  until  one  is  acquainted  with  what  has 
already  been  done  in  these  matters. 

There  are  three  other  points  I  should  like  to  refer  to.  Mr.  Wade  has 
very  rightly  dwelt  upon  the  importance  of  porosity.  But  I  venture  to 
draw  attention  to  an  addendum  to  a  paper  read  by  Dr.  Gladstone  and 
myself  "On  the  Cause  of  the  Changes  of  Electro-motive  Force  in 
Secondary  Batteries  "  in  the  session  following  Professor  Ayrton's  paper 
(see  this  Journal,  1892,  vol.  xxi.,  p.  440).  I  quote  this  at  some  length 
because  it  puts  the  point  very  succinctly,  and  it  is  worthy  of  your  atten- 
tion. "Although  we  did  not  undertake  this  investigation  with  the 
object  of  improving  secondary  batteries,  there  is  one  suggestion  we 
should  like  to  make,  i.e.,  the  desirability  of  promoting  diffusion  as  much 
as  possible.  We  believe  that  this  is  becoming  more  and  more  the 
practice  among  those  who  make  accumulators,  and  the  previous  con- 
siderations furnish  three  reasons  for  such  a  procedure.  It  is  well 
known  that  the  accumulation  of  stronger  acid  at  the  lower  part  of  a  cell 
during  its  working  is  disadvantageous.  This  is  believed  to  create 
differences  of  current-density  in  different  parts  of  the  plate,  and  we  have 
shown  that  it  will  also  give  rise  to  potential  differences  of  fairly  large 
value  on  each  of  the  plates,  and  thus  produce  local  action  and  the 
formation  of  lead  sulphate.  This  inequality  would  be  diminished  if  the 
diffusion  of  the  acid  could  be  promoted."  Mr.  Wade  will  forgive  me,  I 
am  sure,  when  I  say  that  that  appears  to  me  to  be  almost  a  paraphrase 
of  a  passage  in  Mr.  Wade's  paper.  This  is  the  second  reason  :  "  The 
fall  of  E.M.F.  at  the  close  of  discharge  leaves  a  large  fraction  of  the 
effective  material  not  acted  upon.  This  is  mainly  due  to  the  weakness 
of  the  acid  against  the  plates  on  account  of  the  interstices  being  so  much 
clogged,  and  it  would  be  counteracted  to  a  considerable  extent  if  the 
diffusion  could  be  increased.  When  a  cell  has  been  discharged  at  below 
1-8  volts,  there  occurs  the  destructive  action  called  'scaling.'  We  are 
disposed  to  attribute  this  to  abnormal  chemical  action  adsing  from  the 
very  weak  acid  ;  and  if  this  be  true,  increased  diffusion  would  in  this 
case  also  act  as  a  remedy." 

Again,  I  should  like  to  refer  to  the  attempt  already  mentioned  by 
Professor  Ayrton  to  give  an  explanation  of  why  it  is  advantageous  to  cut 
off  the  last  part  of  the  curve  of  discharge.    If  I  might  commend  any 
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Mr.  Hibbert.   papers,  it  would  be  those  contributed  by  Professor  A3rrton  and  three  of 
his  students  to  this  Institution  in  the  year  1890.    The  paper  which  I 
have  already  referred  to,  contributed  to  the  Journal  by  Dr.  Gladstone 
and  myself  subsequent  to  the  pubHcation  of  those  curves,  in  my  opinion 
reveals  the  reason.    The  main  argument  is,  that  as  the  acid  strength  in 
the  working  materials  changes,  the  electro-motive  force  and  therefore 
the  potential  difference  vary  very  largely.     In  the  paper  we  give 
repeated  experiments  to  show  that  when  the  eUciro-motive  force  has  a 
value  of  176,  the  strength  of  the  acid  of  the  pores  of  the  plates  is  1*2  per 
cent.    Again,  that  when  the  electro-motive  force  has  fallen  to  i'5,  the 
amount  of  the  acid  in  the  pores  is  a  trace  only — not  a  measurable 
quantity.    There  is  acid  present ;  it  is  not  pure  water,  but  it  is  only  jast 
removed  from  it.     Now,  Professor  Ayrton's  curve  is  not  an  electro- 
motive force  curve  ;  it  is  the  potential-difference  curve  ;  that  is  to  say, 
the  electro-motive  force  is  a  trifle  higher  in  the  discharge  curve  than 
in  the  potential-difference  curve.     But  if  you  will  compare  the  data 
given  in  our  paper  with  the  data  derived  from  Professor  Ayrton's  curve, 
you  will  see — and  it  is  stated  here  Qournal,  1892,  p.  427) — that  it  is  almost 
absolutely  certain  that  at  that  time  the  acid  had  altogether  gone  from  the 
pores  of  the  cell,  and  inside  the  pores,  where  the  chemical  actions  are 
at  play,  you  have,  to  all  intents  and  purposes,  pure  water.    So  long  ago 
as  the  year  1882  Dr.  Gladstone  and  Mr.  Tribe  published  not  only  what 
is  called  "  the  double  sulphation  theory,"  but  in  the  same  series  of 
papers,  including  their  little  book,  they  also  showed  that  if  at  any 
time  or  for  any  reason  the  acid  chances  to  disappear,  the  chemical 
action  changes  altogether ;   that  is  to  say,  you  no  longer  get   these 
normal  sulphates.  *  In  the  presence  of  liquid  which  no  longer  contains 
the  requisite  SO4,  there  is  formed  a  hydrated  oxide.    Therefore,  after 
the  potential  difference  reaches  i'8  volts  in  the  discharge  curve,  you 
are  dealing  with  a  region  in  which  the  chemical  action  can  no  longer 
be  in  accordance  with  the  double  sulphation  theory.    There  arc  now 
molecules  of  hydrate  of  lead,  soluble,  and  therefore  travelling  in  the 
water.      These  subsequently  form   sulphate,   not   in    the  electrolytic 
circuit,  where  commonly  sulphate  is  formed,  but  in  the  regions  where 
it  is  no  longer  so  susceptible  to  the  action.     Formed  in  this  way,  it 
gives  rise  to  expansive  forces  that  tend  to  produce  the  thick  scales  and 
sediment  at  the  bottom  of  the  cell.    That  is  the  reason  why  Professor 
Ayrton  and  his  colleagues    got  the  sediment  which   Mr.  Robertson 
analysed  and  found  to  have  a  composition  of  PbO,  +  PbS04,  formed 
under  conditions  when  the  cells  were  being  discharged  down  to  this 
particularly  low  point. 

Finally,  it  is  stated  in  the  paper  that  the  sulphation  theory  cannot 
be  altogether  true,  because  there  ought  to  be  a  definite  equation  for  a 
definite  E.M.F.  The  E.M.F.,  or  rather  the  potential  difference,  is  con- 
tinuously falling,  and  as  a  consequence  you  get  the  argument  that  the 
equation  cannot  hold  strictly  true  all  through.  That  is  a  perfectly  valid 
position  to  take,  but  it  ignores  the  fact  that  in  writing  the  equation  in 
the  tolerably  simple  form,  H^SO^,  is  sulphuric  acid  at  large.  But  no  one 
has  the  right  to  ignore  the  fact  that  water  is  there,  although  it  is  com- 
monly ignored.     If  the  equation  is  to  be  put  in  a  different  form,  what 
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ought  to  be  done  is  to  write  HaS04 .  n  HaO,  and  since  n  is  constantly   Mr.Hibbert. 
varying,  the  E.M.F.  ought  to — and  does — change  very  gradually.    There 
is  now  a  definite  equation  for  a  definite  E.M.F. 

Mr.  Wade  explains  the  well-known  phenomena  which  occur  at  the 
end  of  discharge  by  supposing  that  there  is  then  a  sudden  rise  in  the 
resistance  of  the  active  masses.  When  these  reach  a  particular  degree 
of  sulphation,  the  resistance  passes  through  a  critical  value,  thence- 
forward increasing  much  more  rapidly. 

Now,  the  degree  of  sulphation  of  a  cell  at  the  end  of  discharge  is 
practically  identical  with  that  at  the  beginning  of  charge,  and  if  Mr. 
Wade's  hypothesis  be  well  founded,  there  ought  to  be  great  similarity 
in  the  final  resistance  in  discharge  and  the  initial  resistance  in  charge. 
But  this  is  not  the  case.  On  the  contrary,  in  the  change  from  the  finish 
of  discharge  to  the  beginning  of  charge,  the  resistance  falls  to  seven- 
elevenths  of  its  value.  {J,  Inst.  Elec.  Engrs.,  1890,  pp.  591,  592).  Clearly 
the  higher  resistance  of  the  one  cannot  be  due  to  the  fact  in  which  both 
agree,  namely,  the  degree  of  sulphation.  Moreover,  it  is  when  there  is 
least  sulphate  on  either  plate,  that  is,  at  the  end  of  charge,  that  the 
resistance  has  its  highest  value. 

Mr.  G.  L.  Adden BROOKE  :  I  should  like  to  point  out  that,  if  we  can,  Mr.  Adden- 
as  Mr.  Wade  holds  out  some  hope  of  doing,  increase  the  capacity  of  ^^^^^ 
accumulators  for  the  same  price  by  about  20  or  30  per  cent.,  it  would 
increase  the  opening  for  accumulators  not  by  20  or  30  per  cent.,  but 
probably  by  three  or  four  times.  There  are  a  great  number  of  places 
where  accumulators  could  be  used  with  great  advantage  if  we  could 
thus  increase  their  output  for  a  given  expenditure,  and  if  they  could  be 
maintained  for  something  like  the  amount  at  present  necessary. 

Mr.  G.  C.  Allingham  :  I  would  like  to  point  out  that  the  primary  Mr-  Aiiing- 
action  in  the  discharge  of  a  cell  is  really  one  of  single  sulphation.  The 
sulphuric  acid  is  electrolysed  during  the  discharge  ;  we  get  hydrogen 
ions  given  off  at  the  peroxide  plate,  and  sulphion  ions  given  off  at  the 
spongy-lead  plate.  The  sulphion  ions,  combining  with  the  spongy 
lead,  form  a  sulphate  exactly  in  the  way  Mr.  Wade  has  described  ;  but 
the  hydrogen  ions  first  of  all  simply  reduce  the  peroxide  to  a  lower 
oxide.  The  ultimate  oxide  produced  is  probably  the  sesqui-oxide — PbaOg. 
This  formula,  which  corresponds  to  what  Mr.  Wade  calls  50  per  cent, 
sulphation,  seems  to  me  to  explain  very  simply  how  it  is  that  the  active 
material  can  never  be  discharged  below  this  point.  The  lead  in  the 
peroxide  has  a  valency  of  4.  When  the  peroxide  plate  is  fully  dis- 
charged, the  valency  of  the  lead  becomes  3.  The  sesqui-oxide  which 
is  produced  by  the  reduction  of  the  peroxide  by  the  hydrogen  ions  is 
then  acted  upon  by  the  sulphuric  acid  and  produces  a  sulphate.  As 
a  matter  of  fact,  it  is  probably  not  PbaOj,  but  a  hydrate,  such  as 
Pba(0  H>i,  that  is  formed,  and  the  action  of  the  sulphuric  acid  on  this 
produces  a  basic  sulphate,  Pb3(0  H)4,S04,  the  formula  of  which  corre- 
sponds with  Mr.  Wade's  PbaOaSO^,  except  that  the  o.xygen  is  replaced 
by  hydroxyl,  which  I  think  is  rather  more  probable.  This  way  of 
looking  at  the  matter  seems  to  me  slightly  to  modify  one  or  two  of 
Mr.  Wade's  arguments.  Thus,  the  sulphation  of  the  peroxide  plate 
being  produced  by  chemical  action,  depletes  the  pores  of  acid,  exactly 
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Mr.  Ailing-  as  Mr.  Wade  has  described.  But  the  acid  which  is  used  for  the  sulpha- 
**"■  tion   of  the   spongy-lead  plate  is  carried  to  it  electrolytically.     The 

sulphion  ions  travel  from  the  body  of  the  liquid  ;  therefore,  as  far  as  I 
can  see,  the  sulphation  of  the  spongy-lead  plate  is  not  carried  out  at  the 
expense  of  the  acid  in  its  immediate  neighbourhood  and  in  its  pores 
at  all.  Hence  there  seems  to  be  no  reason  why  the  acid  in  the  pores  of 
the  spongy-lead  plate  should  be  weakened  at  all.  If  it  were  possible 
that  the  spongy-lead  plate  could  be  imperfectly  sulphated,  the  acid  in 
its  pores  would  positively  get  stronger,  owing  to  the  sulphion  ions 
carried  to  the  plate  not  being  entirely  absorbed  by  the  plate.  Any 
clogging  of  the  spongy  lead  plate  would  therefore  be  due,  not  to  the 
exhaustion  of  the  acid  in  its  pores,  but  merely  to  the  conductivity  of 
the  active  material  being  higher  than  that  of  the  solution,  causing  the 
outer  layer  to  take  more  than  its  fair  share  of  the  load. 

During  the  charge,  of  course,  acid  is  liberated  at  both  plates,  but 
according  to  this  view,  more  acid  will  be  liberated  at  the  peroxide 
plate  than  at  the  spongy-lead  plate. 

Mr.  Wade's  paper,  to  my  mind,  shows  the  importance  of  diffusion, 
not  only  into  the  pores  of  the  plates,  but  also  in  the  body  of  the  cell. 
If  there  were  no  diffusion  in  the  cell,  we  should  gradually  get  all  the 
acid  exhausted  from  the  body  of  the  cell  and  collected  at  the  two 
plates ;  and  this  seems  to  me  to  render  hopeless  the  various  attempts 
that  some  inventors  have  made  to  make  so-called  dry  accumulators  by 
filling  up  the  spaces  between  the  plates  with  absorbent  materials. 

It  is  probable  that  the  compound  Pb^SO^  is  formed  by  the  sulphation 
of  the  spongy-lead  plate  during  discharge,  as  Mr.  Wade  suggests ;  but  if 
so,  I  think  it  should  be  looked  upon,  not  as  a  compound  of  metallic  lead 
with  normal  sulphate,  but  as  the  subsulphate,  or  sulphate  of  monad  lead. 
There  does  not  seem  at  present  to  be  much  experimental  confirmation 
of  the  existence  of  such  a  compound.  According  to  this  view,  the 
normal  discharge  produces  a  sulphate  of  triad  lead  on  the  peroxide 
plate,  and  a  sulphate  of  monad  lead  on  the  spongy-lead  plate,  and  what 
is  commonly  called  "  sulphating  "  is  the  formation  of  the  sulphate  of 
diad  lead  (PbSOJ  which  occurs  if  the  sesquisulphate  on  the  "  peroxide 
plate,"  or  the  subsulphate  on  the  "  spongy-lead  plate "  be  further  dis- 
charged. I  venture  to  think  that  this  explanation  sufficiently  accounts 
for  the  phenomena,  without  the  necessity  for  assuming  that  the  active 
material  has  a  complicated  polymeric  molecular  structure. 

I  think  "  sulphating"  may  always  be  accounted  for  by  overdischarge 
of  the  active  material,  either  general  or  local.  Thus  rapid  discharges 
may  overdischarge  the  surface  of  the  active  material,  producing  a  skin 
of  white  sulphate.  If  the  lead  grid  or  support  of  the  peroxide  plate  is 
accessible  to  the  acid,  there  will  be  a  P.D.  set  up  between  it  and  the 
peroxide  active  material,  producing  local  currents  which  may  eventually 
overdischarge  the  portions  close  to  the  support,  causing  the  sulphating 
at  the  grid  which  is  so  often  noticed.  The  spongy -lead  plate  may  also 
be  overdischarged  by  local  action.  This  local  action  is  exactly  similar 
to  that  on  the  zinc  in  a  primary  battery,  and  is  caused  by  the  P.D.  set 
up  between  the  lead  and  more  electronegative  metals,  which  exist  as 
impurities  in  the  spongy  lead  itself,  or  in  the  solution,  from  which  they 
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are  deposited  on  to  the  spongy  lead  during  the  charge.  These  particles  Jim^""^' 
of  metal  produce  local  currents,  which  ultimately  produce  patches  of 
sulphate,  with  evolution  of  hydrogen,  especially  if  the  cell  be  allowed 
to  stand  for  a  considerable  time  on  open  circuit.  These  impurities,  and 
the  sulphate  they  produce,  gradually  clog  the  spongy-lead  plates,  and 
cause  their  capacity  to  diminish  in  time  ,*  the  effect  of  reversing  them 
is  to  redissolve  the  impurities  in  the  acid,  and  purify  the  spongy-lead 
active  material.  This  reversal  should  always  be  carried  out  with  dummy 
peroxide  plates,  and  the  acid  used  during  the  operation  should  not  be 
used  again  in  the  cells,  as  it  of  course  contains  the  impurities  out  of  the 
spongy-lead  plates.  The  great  lesson  taught  by  the  decrease  in  capacity 
of  spongj'-lead  plates,  which  troubles  storage  battery  makers  so  much, 
is  to  keep  all  the  materials  and  acid  used  for  the  battery  as  pure  as 
possible,  and  neglect  of  this  precaution  was,  I  believe,  one  of  the  chief 
causes  of  the  early  troubles  experienced  with  storage  batteries. 

The  gradual  fall  of  electromotive  force  during  discharge  maybe  due 
to  the  variation  of  the  adjuvant  E.M.F.  produced  by  the  chemical  action 
of  the  sulphuric  acid  on  the  PbaOj  at  the  peroxide  plate,  which  falls  as 
the  strength  of  the  acid  round  the  peroxide  plate  falls. 

Mr.  W.  R.  Cooper  :  Although  I  appreciate  the  clearness  of  Mr.  ***"•  ^^<»p««"' 
Wade's  paper,  yet  I  cannot  help  feeling  that  it  is  a  mistake  to  introduce 
further  compHcations  into  this  subject,  which  is  already  very  complicated, 
if  it  can  possibly  be  avoided.  One  feels  tempted  to  ask.  Are  all  these 
complications  really  necessary?  They  have  been  brought  about  by 
various  causes,  among  which  may  be  mentioned  the  attempts  to  deduce 
a  satisfactory  value  for  the  E.M.F.  from  the  Kelvin  equation.  The 
more  general  equation  due  to  Helmholtz  is  generally  disregarded  for 
unaccountable  reasons.  Further,  most  thermo-chemical  data  are 
inexact,  and  have  been  determined  under  conditions  which  differ  from 
those  in  the  cell.  If  the  cell  is  looked  upon  as  a  primary  one  consisting 
of  lead,  sulphuric  acid,  and  lead  peroxide,  the  voltaic  reaction  which 
suggests  itself  is  simply  the  formation  of  lead  sulphate  at  the  lead  plate, 
the  lead  peroxide  acting  as  a  depolariser  and  being  reduced  by  the 
polarising  hydrogen  to  PbO,  or  metallic  lead,  any  sulphate  formed  at  the 
peroxide  plate  being  due  to  a  secondary  reaction.  This  view  does  not 
meet  with  approval  because  the  E.M.F.  deduced  from  these  reactions 
by  thermo-chemical  data  is  much  lower  than  the  observed  E.M.F.  of  a 
secondary  cell.  But  it  is  necessary  to  remember  that  the  secondary 
cell  differs  very  considerably  from  the  primary  cell.  The  electrolyte  is 
not  merely  sulphuric  acid,  and  that  which  is  in  the  pores  may  be 
relatively  concentrated.  Spongy  lead  may  also  differ  considerably 
from  ordinary  lead.  Consequently,  the  usual  thermo-chemical  data 
may  be  inapplicable.  This  point  of  view  has  been  taken  up  by  M. 
Darrieus,  who  finds  that  the  voltaic  difference  between  spongy  and 
ordinary  lead  is  0*34  volt ;  and  he  concludes  that  the  calculated 
E.M.F.  is  equal  to  that  observed  if  such  considerations  are  taken  into 
account.  Although  Mr.  Hibbert  has  apparently  failed  to  confirm  the 
results  of  M.  Darrieus,  I  do  not  think  that  this  simple  view  has  received 
sufficient  attention.  A  simple  view  is  preferable  to  a  complicated  one, 
and  it  is  to  be  hoped  that  further  investigations  will  be  carried  in  the 
direction  indicated  by  M.  Darrieus.  r^^^^T^ 
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Mr.  Cooper.  Turning  now  to  the  paper  itself,  Mr.  Wade  suggests  a  complex 
molecule  for  lead  and  the  various  lead  compounds.  I  think  that  there 
must  be  some  misunderstanding  on  this  point, 'as  this  view  is  held 
generally  for  all  solids.  In  the  case  of  spongy  lead,  it  would  be 
expected  that  the  molecules  are  less  complex  rather  than  more  complex 
than  those  of  ordinary  lead,  as  this  would  more  easily  account  for 
greater  activity.  We  should  expect  activity  to  increase  as  the  number 
of  atoms  in  the  molecule  diminishes,  for  it  is  only  necessary  to  go  to 
the  limit  of  atomic  sub-division  to  obtain  the  maximum  of  activity. 

The  author  also  suggests  various  complicated  sulphates  which 
conduct,  but  which  are  liable  to  pass  into  ordinary  lead  sulphate,  and 
thus  lose  their  conductivity.  There  does  not,  however,  appear  to  be 
any  reason  why  these  complicated  salts  should  be  better  conductors 
than  PbS04,  and  it  is  questionable  whether  the  change  in  the  con- 
ductivity of  lead  suJphate  which  is  observed  when  "  sulphating  "  takes 
place  cannot  be  more  reasonably  explained  by  simpler  changes  such 
as  crystallisation,  hydration,  etc. 

The  various  complicated  salts  proposed  by  the  author  are  theoreti- 
cally somewhat  improbable,  and  it  is  doubtful  whether  they  give  a 
really  simpler  explanation  than  that  afforded  by  mixtures. 
Mr.Swin  Mr.  J.  SwiNBURNE  :  Mr.  Wade  goes  over  a  great  deal  of  ground 

that  has  been  traversed  ten  or  even  twenty  years  ago,  without  really 
giving  any  new  reasons  for  his  rather  revolutionary  ideas.  Most  of  the 
phenomena,  I  think,  of  secondary  batteries  can  be  explained  on  the 
simple  sulphate  theory  that  has  been  held  now  by  a  great  many  people 
for  very  nearly  twenty  years.  There  are,  of  course,  matters  which 
obscure  the  result.  The  first  is  that  the  sulphate  of  lead  apparently  is 
a  non-conductor.  Mr.  Wade  seems  to  regard  the  materials  as  mixtures, 
or  rather  compounds  of  very  curious  chemical  composition ;  but  most 
of  these  effects,  I  think,  can  be  explained  by  remembering  thai  the 
sulphate  formed  is  an  insulator,  and  that  the  sulphuric  acid  in  the 
coating  is  apt  to  get  used  up  during  discharge,  and  therefore  the  E.M.F. 
is  dependent  on  the  strength  of  the  acid  in  the  pores  which  gets  used 
up.  In  dealing  with  the  question  we  ought  always  to  remember  that 
the  chief  chemical  action  in  such  a  case  as  running  a  secondary  battery 
down,  is  the  formation  of  water.  Water  is  so  cheap  that  we  are  apt  to 
look  upon  it  as  unimportant ;  whereas  in  modern  chemistry  we  ought 
to  regard,  generally,  the  formation  of  water  as  the  vital  part  of  the 
equation.  I  see  Mr.  Wade  says  that  sulphate  of  lead  cannot  be  reduced 
or  oxidised.  That  theory  or  experiment  was  first  mentioned  by  Lord 
Kelvin  something  like  twenty  years  ago,  but,  unfortunately,  it  is  not  the 
fact.  It  is  simply  that  the  sulphate  of  lead  is  an  insulator.  It  insulates 
very  thoroughly,  but  if  you  get  sufficient  pressure  you  can  take  pure 
sulphate  of  lead  and  either  reduce  it  or  oxidise  it.  Ordinarily  it  is  a 
question  of  getting  contact,  and  if  you  mix  a  very  little  litharge  or  red 
lead,  or  something  of  that  kind,  you  will  find  your  sulphate  of  lead, 
although  it  may  have  been  precipitated,  will  be  perfectly  amenable,  and 
will  do  what  you  want  it  to  do.  I  proved  that  in  1882,  and  it  is  rather 
an  important  matter.  On  the  other  hand,  Mr.  Wade  seems  to  think 
^^  that  a  battery  cannot  possibly  run  down  to  pure  sulphate,  that  it  may 
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run  down  to  one  of  his  curious  compounds,  and  the  compound  after-  Mr.  Swin- 
wards,  for  some  reason  of  its  own,  may  change  to  pure  sulphate.  As 
a  matter  of  fact,  if  you  take  a  thin  coating  you  can  very  often  run  it 
down  till  it  is  quite  white,  and  the  white  coating'  of  the  reduced  plate 
is  often  such  a  thorough  insulator  that  a  piece  of  lead  in  apparent 
contact — even,  perhaps,  forcibly  pressed  against  it — will  not  make 
contact.  Any  one  who  has  not  had  very  much  to  do  with  batteries  will 
be  astonished  to  find  the  difficulty  of  securing  contact  in  the  reduced 
plates,  and  it  is  always  due  to  these  very  thin  films  of  sulphate.  The 
coating,  under  these  circumstances,  with  that  explanation,  will  naturally 
tend  to  go  down  into  sulphate,  or  go  up  into  sulphate,  as  the  case  may 
be,  until  the  sulphate  practically  insulates  it.  The  mixture  of  a  con- 
ductor and  an  insulator  will  generally  conduct  till  you  get  down  to 
about  15  per  cent,  of  the  conductor  among  the  insulator,  and  then  you 
generally  find  that  it  comes  to  a  point  at  which  it  will  no  longer 
conduct.  I  am  thinking  now,  for  the  moment,  of  a  large  amount  of 
work  that  has  been  done  lately  in  making  Nernst  and  other  lamps. 
The  phenomena  of  mixtures  of  conductors  and  insulators  is  very 
curious.  But  I  think  they  probably  account  for  the  whole  of  the 
apparently  anomalous  actions  of  the  cells.  The  fact  that  a  cell 
will  sulphate,  that  is  to  say,  will  go  from  a  conducting  into  a  non- 
conducting body,  is  probably  explained  by  the  conducting  body 
consisting  of  sulphate  of  lead,  containing  either  very  little  peroxide 
mixed  up  with  it,  which  will  conduct,  or  very  little  reduced  lead. 
Reduced  lead,  especially  if  left  in  contact  with  acid,  is  very  apt  to  go 
up  into  sulphate  of  lead  and  give  off  hydrogen.  If  you  have  not  a 
very  strong  pressure  you  cannot  get  it  into  contact  with  your  support, 
and  cannot  reduce  it  again.  I  only  want  to  urge  tliat,  except  for  the 
small  phenomena  which  are  generally  explained  by  such  things  as  the 
difference  of  strength  of  acid  in  the  coating,  and  the  difference  of  con- 
ductivity due  to  the  insertion  of  sulphate  of  lead,  which  has  a  very  large 
bulk  in  comparison  with  what  it  is  formed  from,  I  think  these  things 
explain  most  of  the  phenomena.  I  would  also  urge  that  in  all  scientific 
inquiries,  when  you  have  a  very  simple  explanation  and  a  very  com- 
plicated one,  there  are  a  large  number  of  minds  which  habitually 
prefer  the  very  cotfiplicated  one.  I  must  say  I  am  one  of  those  who 
prefer  the  very  simple  explanation. 

[Communicated.']  Since  the  meeting  I  find  that  many  people 
cannot  understand  the  formation  of  sulphate  of  lead  on  the  peroxide 
plate  on  discharge,  because  they  say  the  HaS04  is  split  into  H,  and  O, 
of  which  the  H,  takes  one  O  of  the  PbOa,  leaving  PbO.  The  PbO  may 
then  be  acted  upon  by  more  H^SO^,  making  PbS04 ;  but  the  last  is  a 
secondary  reaction  which  has  nothing  to  do  with  the  electro-motive 
force  of  the  cell.  There  is  no  reason  to  consider  this  a  secondary  re- 
action. In  dealing  with  electrolysis  we  must  take  care  to  avoid  con- 
fusing hypotheses,  made  for  the  purpose  of  explaining  phenomena  to 
students,  with  the  phenomena.  This  splitting  up  of  the  change  of 
PbOa  into  PbS04  in  two  steps  is  purely  academical ;  it  has  nothing  to  do 
with  facts. 

The  question  as  to  whether  the  formation  of  sulphate  is  primary 
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Swinburne. 


Mr. 
FitzGerald. 


or  secondary  can  be  determined  by  the  reversibility  of  the  cell.  If  the 
energy  of  H^SO^  +  PbO  =  PbSO^  +  H,0  is  wasted  as  local  heat,  it  can 
only  appear  in  the  electro-motive  force  of  charging ;  not  of  discharge. 
The  question  of  the  alleged  extra  electro-motive  force  of  spongy  lead 
can  be  tested  by  reversibility,  and  also  by  direct  comparison.  In  direct 
comparison  the  lead  must  be  clean,  and  the  surface  should  be  specially 
exposed  when  in  place.  The  least  trace  of  oxidation,  i.e.,  sulphation, 
will  falsify  the  reading.  Amalgamation  will  give  an  effective  clean 
surface. 

Mr.  D.  G.  FitzGerald  [communicated']  :.  I  have  read  with  great 
interest  the  advance-proof  of  Mr.  Wade's  paper,  kindly  forwarded  to 
me.  Whether  or  not  it  may  have  any  influence  upon  the  manufacture 
or  working  of  accumulators  in  the  future,  it  is  certainly  a  valuable 
contribution  to  the  theory  upon  which  such  manufacture  and  working 
should  be  based,  and  it  throws  light  upon  subjects  of  which  the  pre- 
sumed explanations  have  with  some  reason  been  regarded  as  incomplete, 
puzzling,  or  unsatisfactory,  when  not  absolutely  fallacious.  I  am  pleased 
to  find  that  I  am  in  general  agreement  with  Mr.  Wade  on  most  points 
— the  more  so  from  having  apprehended  that  the  contrary  might  be  the 
case. 

Thus,  in  regard  to  the  original  battery-equation  given  by  Messrs. 
Gladstone  and  Tribe,  and  embodying  the  "  double  sulphation  "  theory, 
I  am  quite  in  accord  with  Mr.  Wade  as  to  its  substantial  accuracy  when 
taken  in  the  limited  sense  in  which  it  was  put  forward,  viz.,  as  signifying 
that,  in  the  discharge  of  the  cell,  sulphuric  acid  reacts  upon  lead  prot- 
oxide at  both  electrodes,  producing  equivalents  of  lead  sulphate.  The 
equation  indicates  nothing  as  to  the  extent  to  which  the  reaction  may 
be  carried  ;  it  is  similarly  indefinite  as  to  the  form  or  condition  taken 
by  the  sulphate  in  either  electrode.  In  my  paper  "  On  Reversible  Lead 
Batteries,"  read  before  the  precursor  of  this  Institution  on  May  lo,  1887, 
the  only  modification  I  could  find  to  make  in  this  equation  was  one 
indicating  that  the  sulphate  of  lead  formed  in  the  peroxide  element  is 
not  necessarily  the  full  equivalent  of  that  formed  in  the  spong}'-lead 
plate.  This  is  the  case  when  free  access  of  sulphuric  acid  to  the 
peroxide  does  not  obtain,  by  reason  of  the  insufficient  strength  of  the 
electrolyte,  or  in  consequence  of  the  25*52  c.  in.  of  hydrogen,  per 
ampere-hour,  oxidised  into  water  at  the  peroxide  plate.  I  therefore 
preferred  to  write  the  equation  as  follows  : — 

PbO,  H-  2  HaSO,  -f  Pb  =  PbO  -f  H^SO^  -h  PbSO,  -f-  H,0.* 

It  was  duly  admitted,  however,  "  that  the  compounds  bracketed 
together  (when  in  intimate  contact)  react  upon  each  other ;  so  that 
the  final  result  may  be  expressed  by : — 

PbO,  -H  2  H^SO^  -f-  Pb  =  2  PbSO,  -f-  2  H,0  ;  " 

which  is  the  equation  of  Gladstone  and  Tribe. 

•  Journal  of  the  Society  of  Telegraphic  Engineers  and  Electricians,  vol.  xvi., 
p.   175. 
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But  a  too  literal  reading  of  this  equation,  from  the  point  of  view  of  pjJ^Geraid. 
practice,  has  been  the  cause  of  much  of  the  misapprehension  and  con- 
fusion that  have  occurred  in  relation  to  the  theoretical  explanations 
bearing  upon  the  lead  secondary  cell.  It  has  been  so  crudely  interpreted 
that,  if  any  one  ventured  to  assert  that — in  the  absence  of  what  is  too 
well  known  as  sulphaiation  or  sulphation  in  the  worse  signification  of 
the  terms — there  is  never  any  free,  normal  or  uncombined  sulphate  of 
lead  in  the  partly  discharged  peroxide  element,  he  was  referred  to  the 
above  equation  as  a  sufficient  refutation  of  the  heresy.  If  he  pointed 
out  that  peroxide  of  lead,  when  reduced,  either  by  heat,  or  by  hydrogen, 
alone  or  in  conjunction  with  an  acid,  always  tends  to  form  exothermic 
compounds  of  the  products  of  deoxidation  with  residual  peroxide,  the 
equation  was  quoted  as  a  contradiction.  If  he  insisted  that  the  complete 
conversion  into  lead  sulphate  of  given  equivalents  of  spgngy  lead  and 
peroxide  is  an  impossibility,  and  that  such  conversion  practically  occurs 
only  to  the  extent  of  about  50  per  cent.,  he  was  told  that  he  was  denying 
data  put  forward  and  accepted  by  high  authority.  And  if  he  ventured 
to  affirm  that  the  calorific  results  obtained  in  the  complete  conversion 
into  lead  sulphate  of  ampere-hour  or  gramme  equivalents  of  spongy 
lead  and  lead  peroxide  are  wholly  insufficient  to  account  for  the 
production  of  an  E.M.F.  of  2  volts.,  corresponding  to  this  conversion  in 
the  same  manner  as  the  E.M.F.  of  a  Daniell  cell  corresponds  to  the  heat 
effect  of  the  reaction  between  zinc  and  sulphate  of  copper,  he  was  told 
that  the  calorific  values  must  be  inaccurate  ;  for  there  was  the  equation, 
and  there  undoubtedly  was  the  E.M.F.  of  2  volts. 

At  the  time  (1883)  when  Messrs.  Gladstone  and  Tribe  published  their 
excellent  little  monograph  on  "  The  Chemistry  of  the  Secondary 
Batteries  of  Plante  and  Faure,"  what  may  be  termed  a  theoretical 
or  abstract  battery-equation  was  needed  and  was  duly  supplied.  What 
may  be  called  a  practical  or  concrete  equation  of  discharge,  approxi- 
matively  embodying  quantitative  details,  was  scarcely  then  possible  ; 
for  this  a  more  extended  experience,  and  work  such  as  that  of  Professor 
Ayrton  and  his  assistants,  in  conjunction  with  Mr.  G.  H.  Robertson, 
were  needed.  In  the  second  part  of  his  paper  (p.  485),  Mr.  Wade  gives 
what  is  virtually  such  an  equation,  although  the  excess  of  sulphuric  acid 
needed  to  give  conductivity  to  the  electrolyte  towards  the  end  of  the 
effective  discharge  is  not  therein  considered.  In  equation  form,  Mr. 
Wade's  values  are  as  follow  : — 

2  Pb  -h  SO,  -f-  H,  -h  2  PbO,  -f  H,SO, 
=  PbSO,  +  Pb  -h  PbO.PbSO,  -f  2  H,0. 

This  agrees  with  an  equation — in  which  are  embodied  additional 
data  in  relation  to  the  electrolyte — which  will  be  found  in  my  little 
work  on  Lead  Accumulators,  now  slowly  making  its  way  through 
the  press.  In  this  equation  the  atomic  weights  represent  the  dyad 
gramme-equivalents,  corresponding  to  53*6  ampere-hours ;  and  these 
weights  halved  correspond  to  the  monad  gramme  unit  of  electrical 
quantity  (26*833  ampere-hours).     It  is  as  follows: — 
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2  Pb 4- 425  HJSO^  +  694  HaO 4- 2  PbO, 

=  Pb  +  PbSO^  +  2-25  H,S04  +  71-3  H,0  +  PbO^PbSO,  * 

In  this  particular  case,  the  initial  specific  gravity  of  the  electrolyte  will 
be  I  182,  and  the  final  specific  gravity  i*io6. 

The  peroxide  of  lead  which  is  active,  and  which  alone  is  considered 
in  quantitative  equations,  does  not  include  any  that  may  be  contained  in 
the  compound  PbO,PbSO^  (in  which  PbSO^  replaces  the  PbO  in  lead 
sesquioxide)  which  may  remain  unaffected  by  the  process  of  charging. 
It  is  interesting  to  observe  that,  according  to  the  figures  given  by 
Mr.  Wade,  the  proportion  of  this  residual  compound  must  often  in 
practice  be  very  considerable.  The  same  may  be  the  case  with  the 
residual  sulphate  remaining,  after  charging,  in  the  spongy-lead  element. 
The  complete  reduction  to  sulphate  of  i  lb.  of  lead  peroxide,  if  it  could 
be  effected  electrically,  would  correspond  to  i02'5  ampere-hours  (half 
of  which  quantity  would  be  debited  under  an  E.M.F.  falling  rapidly 
from  1*8  to  less  than  i  volt,  and  more  slowly  to  zero).  But,  since  the 
almost  inert  compound  PbOaPbSO^  is  formed  when  half  the  peroxide  is 
reduced,  the  maximum  output  per  lb.  of  peroxide  will  be  just  half  the 
above  value,  viz.,  51*25  ampere-hours.  But  if,  as  stated  on  p.  469,  "  in 
practice,  pasted  electrodes  hardly  ever  give  more  than  30  to  40  ampere- 
hours  per  pound  of  positive  or  negative  active  material ;  while  about 
half  these  values  is  probably  a  more  usual  figure  " — ^and  this  statement 
I  fear,  cannot  be  contradicted  —  the  proportion  of  active  material 
actually  electrolysed  must  be  less  than  30  or  40  per  cent  of  the  whole. 
The  practical  possibility  of  miprovcment  certainly  appears  to  be  here 
indicated. 

Many  other  points  of  interest  in  Mr.  Wade's  paper  might  be  referred 
to,  and  will  doubtless  receive  consideration  in  the  discussion. 
Mr.  Mr.  A.  E.  DU  Pasquier  [communicated]  :  Mr.  Wade's  excellent  paper 

DuPasqiiier.  ^jjj^  j  ^^  suTQy  be  much  appreciated  by  all  the  members  of  the  Insti- 
tution. The  use  of  secondary  batteries  is  so  extended,  that  few  of  us 
have  not  at  some  time  or  other  had  to  do  with  them,  and  perhaps 
been  morally  responsible  for  their  well  doing.  Lead  entering  so  largely 
into  their  composition,  I  am  afraid  this  has  very  often  been  a  heavy 
burden  ;  in  fact  I  have  met  many  engineers  who  regard  a  battery  as  an 
unavoidable  evil.  Not,  I  think,  that  complaints  of  the  beha\iour  of 
secondary  batteries  are  so  frequently  heard  nowadays,  but  because 
so  little  is  known  about  them,  and  that  little  is  so  nearly  confined  to 
those  interested  in  their  manufacture,  that  if  anything  goes  wrong 
with  a  cell  the  engineer  feels  that  he  is  quite  helpless  to  assign  a 
cause  for  its  failure,  or  to  remedy  it  if  found  :  a  feeling  to  which  no 
self-respecting  engineer  likes  to  confess.  After  reading  Mr.  Wade's 
ingenious  explanation  of  the  complicated  reactions  that  take  place  in 
the  charge  and  discharge  of  a  cell,  engineers  will  perhaps  regard 
their  batteries  with  increased  interest.  I  had  long  thought  of  re- 
questing to  be  allowed  to  read  a  paper  on  a  similar  subject,  before 
the  Institution,  but  as  Mr.  Wade  has  so  admirably  forestalled  me,  I 
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am  glad  to  have  the  opportunity,  not  of  criticising  his  remarks,  but  ^""'p^ 
of  throwing,  perhaps,  a  little  more  light  on  some  of  the  points  he 
has  raised. 

Mr.  Wade,  early  in  his  paper,  speaks  of  the  undoubted  difference 
that  exists  between  the  finely  divided  lead  electrolytically  prepared  on 
the  negative  plate  of  a  battery,  and  finely  divided  lead  mechanically 
prepared.  An  experiment  I  carried  out  some  eight  years  ago  bears 
upon  this  interesting  point.  A  mechanically  prepared  porous  lead 
plate  was  heavily  sulphated  by  being  made  the  anode  in  a  solution 
practically  consisting  of  a  mixture  in  certain  proportions  of  sulphuric 
acid  and  nitric  acid,  the  current  density  being  kept  very  low  to  prevent 
the  formation  of  any  peroxide.  It  was  then  placed  in  a  cell  containing 
a  zinc  plate  in  a  solution  of  common  salt,  and  left  on  short  circuit  for 
some  time  ;  by  this  means  the  lead  sulphate  was  perfectly  reduced  to 
finely  divided  or  spongy  lead,  and  the  plate  looked  to  all  intents  and 
purposes  a  fully  charged  negative.  It  was  then  mounted  against  freshly 
charged  peroxide  plates  in  dilute  sulphuric  acid  of  the  usual  specific 
gravity,  but  no  discharge  could  be  obtained  from  it ;  on  receiving  a 
charge  in  the  ordinary  way  it  gave  a  very  fair  capacity,  and  yet  one 
may  almost  call  the  action  in  both  cases  electrolytic — certainly  the 
hydrogen  liberated  is  in  an  equally  nascent  state.  If  this  sulphated 
plate  had  been  made  the  negative  in  a  sulphuric  acid  solution  directly 
the  sulphate  was  thoroughly  reduced,  it  would  have  given  its  full 
capacity.  And  so,  too,  with  the  peroxide  plate ;  if  a  plate  is  pasted 
with  chemically  prepared  PbO,  no  capacity  can  be  obtained  from  it 
until  it  has  received  a  charge ;  a  fact  which  bears  out  Mr.  Wade's 
belief  that  the  lead  peroxide  and  the  finely  divided  lead  in  a  fully 
charged  cell  cannot  be  the  normal  PbOa  and  Pb,  but  an  allotropic 
modification  thereof. 

Mr.  Wade,  in  speaking  of  the  increase  in  the  internal  resistance  of  a 
cell  on  discharge,  says  that  "  it  is  most  rapid  when  the  molecules  of  , 
the  active  materials  have  attained  the  respective  proportional  composi- 
tions of  PbiO!,S04  and  PbaSO^."  This  point  will  probably  be  at 
about  I '8  volts,  or  when  the  cell  has  just  finished  its  useful  discharge, 
and  on  analysis,  he  goes  on  to  say,  "there  will  be  found  about 
40  per  cent,  of  unaltered  peroxide  of  lead  on  the  positive,  and  uncom- 
bined  lead  on  the  negative."  These  figures  of  Mr.  Wade's  are  probably 
based  upon  pasted  types  of  plates,  or  I,  without  knowing  it,  am  the 
fortunate  possessor  of  the  secret  for  obtaining  "  95  per  cent,  porosity 
peroxide."  The  following  figures,  rather  at  variance  with  those  given 
by  Mr.  Wade,  are  taken  from  an  experiment  of  mine  on  a  new  type  of 
plate  with  a  very  extended  surface.  Two  of  these  small  plates,  identical 
in  every  way,  were  taken,  electrolytically  formed,  and  charged  up  fully ; 
one  was  then  discharged  against  strong  negatives,  and  gave  a  capacity 
of  25  ampere-hours  to  17  volts,  which  is  the  capacity  we  invariably  get 
with  this  type  of  plate,  so  treated. 

The  two  plates  were  then  broken  up  for  analysis,  and  such  is  their 
nature,  that  though  they  are  perfectly  homogeneous,  the  lead  forming 
the  active  surface  of  the  plate  can,  with  a  little  trouble,  be  detached 
(for  purposes  of  analysis)  from  the  lead  that  forms  essentially  the  frame, 
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Mr.  and  which  in  no  way  contributes  to  the  capacity  of  the  plate — ^in  fact,  if 

DuPa«niier.  an>ihing,  detracts  from  it. 

Particulars  of  Analysis. 


Weight  of  Pb  anattacked  in  grammes 

Weight  of  PbSO^        

Weight  of  PbO,  


Charged 
Plate 

Discharged 
Plate. 

127736 

1 1 2787 

•615 

144-158 

13405 

22440 

262-401         279385 


It  will  be  seen  that  the  charged  plate  had  evidently  rather  more  lead 
available  for  conversion  into  active  material  than  the  discharged  one, 
and  would  probably  have  given  a  higher  capacity.  Dealing  with  the 
discharged  plate,  144  grammes  of  PbSO^  would  correspond  to  about 
113  grammes  of  PbO„  making  a  total  of  135*5  grammes  of  PbO^  for  dis- 
charge purposes,  of  which  about  84  per  cent,  was  utilised  instead  of  the 
50  per  cent,  quoted  by  Mr.  Wade.  Adopting  Mr.  Wade's  figures  of 
io2*5  ampere-hours  per  pound  of  PbOa  (=  '226  ampere-hours  per 
gramme  of  PbO,)  converted  into  sulphate,  817  per  cent,  of  the 
theoretically  possible  capacity  for  the  135-5  grammes  of  PbO,  present, 
was  obtained.  This  very  favourable  result  is  obtained  on  the  lines 
Mr.  W^ade  so  ably  indicates,  viz. :  1st — A  very  extended  surface,  so 
arranged  that  the  acid  has  free  passage  right  through  the  plate,  and 
that,  as  the  acid  in  the  pores  of  the  plate  weakens  on  discharge,  there 
is  nothing  to  prevent  it  rising  up,  by  simple  gravitation  effect,  to  the 
top  of  the  cell,  making  room  for  the  stronger  acid  in  the  body  of  the 
cell  to  take  its  place ;  although  I  have  never  been  able  satisfactorily  to 
prove  this,  I  am  satisfied  that  this  action  of  discharge  actually  gives  rise 
to  currents  in  the  electrolyte  tending,  if  unimpeded,  to  keep  the  electro- 
lyte at  a  uniform  strength.  And  2nd — A  very  low  specific  gravity 
peroxide  (I  have  never  been  able  to  get  satisfactory  specific  gravities  for 
peroxide,  portions  from  the  same  sample  varying  between  5*25  and  6-8), 
probably  about  45  per  cent,  porosity.  I  may  say  that,  at  present,  there 
are  mechanical  difficulties  in  increasing  the  size  of  these  plates,  but 
these  we  hope  shortly  to  overcome.  Although  these  figures  show  that 
Mr.  Wade  is  incorrect  when  he  says  that  "a  cell  is  incapable  of  further 
discharge  when  the  active  material  on  the  plates  has  the  composition 
PbaOaSOa  aiid  PbaS04,"  I  agree  with  him  very  largely  in  the  main,  and 
believe  that  the  true  explanation  of  these  reactions  must  be  sought  on 
the  lines  he  indicates. 

Returning  again  to  the  allotropic  differences  betw^een  substances 
represented  by  the  formula  PbO,,  another  instance  occurs  to  me, 
which  may  be  of  interest.  In  a  certain  formation  process  used  very 
largely  by  me  at  one  time,  the  process  was  divided  into  two  parts,  or 
baths ;  in  the  first  bath  a  certain  number  of  ampere-hours  charge  per 
square  centimetre  of  surface  was  given,  at  the  end  of  which  the  positive 
plates — which  were  of  the  herring-bone  type — were  covered  with  a 
dark-brown,  almost  lustrous,  very  thin  film,  or  skin,  of  what  was 
apparently  PbO,  so  thin  that  it  was  impossible  to  estimate  its  thickness 
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as  it  could  not  be  detached  from  the  plate.  At  this  stage  the  plate  had  jJupj^squjer. 
no  appreciable  capacity.  The  plates  were  then  put  into  an  ordinary 
dilute  sulphuric  acid  batfi  specific  gravity  I'iSo,  and  on  charging 
a  marvellous  change  took  place ;  this  film  or  skin  gradually  expanded 
until,  at  a  certain  stage,  the  grooves  between  the  ridges  or  teeth  of  the 
plate  were  completely  blocked  up  with  a  very  crystalline,  light-coloured 
peroxide,  evidently  of  a  very  porous  nature,  but  perfectly  hard  and 
adherent,  the  plate  being  then  possessed  of  a  very  high  capacity, 
whereas  a  new  plate  given  a  short  charge  in  sulphuric,  and  receiving  a 
similar  coating  of  PbOa  in  point  of  thickness,  might  be  charged  for 
ever  in  this  density  acid  without  expanding  or  its  capacity  much 
increasing. 

Passing  on  to  what  Mr.  Wade  rightly  calls  the  most  interesting  of 
all  the  phenomena  observed  in  storage  cells,  viz.,  Reversal.  A  short 
time  ago  I  should  have  said  unhesitatingly  with  Mr.  Wade,  that  if  the 
positives  were  the  weaker  element  in  a  cell,  its  E.M.F.  curve  was  more 
sustained,  whereas  if  it  was  the  negative  that  were  weak  the  fall  off  was 
much  more  rapid  ;  but  in  a  number  of  very  careful  experiments  carried 
out  lately  I  have  been  quite  unable  to  satisfy  myself  that  this  is  so,  and 
am  strongly  of  the  opinion  that  it  depends  upon  the  differences  in  the 
capacities  of  the  two  plates  ;  if  either  plate  has  a  much  larger  capacity 
than  the  other  the  fall  off  is  more  rapid,  as  though,  to  give  a  rough 
illustration,  the  stronger  plate  upholds  the  weaker  till  its  last  gasp,  when 
it  suddenly  collapses,  whereas  if  both  plates  have  approximately  the 
same  capacity  the  E.M.F.  of  the  cell  will  tail  off  more  gradually. 
With  regard  to  the  possibility  of  reversal  actively  taking  place  before 
all  the  PbOa  or  Pb  has  become  converted  into  PbS04,  I  think  there  can 
be  no  doubt  that  this  is  not  only  possible,  but  that  it  is  what  actually 
happens.  If  a  cell  is  discharged  down  to  zero,  and  the  current  rate  is 
still  maintained  from  some  external  source,  and  the  E.M.F.  of  the 
weaker  plate  (say  the  negative)  observed  by  means  of  a  charged 
negative  proof  plate,  in  a  very  short  time  the  volts  will  rise  from  zero, 
or  almost  zero,  to  1*5  to  2  volts;  and  assuming,  as  is  certainly  true  for 
pasted  plates,  that  not  more  than  60  per  cent,  has  been  converted  into 
PbSO^  in  discharge  down  to  the  zero  point,  the  ampere-hours  given  to 
the  plate  in  this  time  would  not  have  been  sufficient  to  convert  all  the 
40  per  cent,  remaining  Pb  into  PbSO^,  but  the  high  E.M.F.  observed 
is  proof  of  the  presence  of  PbOa  notwithstanding.  If  in  any  cell  the 
two  setsi  of  plate  happen  to  have  exactly  the  same  capacity,  the 
reversal  takes  place  immediately  the  E.M.F.  falls  to  zero.  Perhaps  it  is 
as  well  to  distinguish  between  the  real  zero,  i.e,  the  point  at  which  the 
two  equal-capacity  plates  are  absolutely  exhausted,  and  there  no  longer 
exists  a  potential  difference  between  them,  and  the  apparent  zero — that 
is,  the  point  in  discharge  when  a  voltmeter  placed  across  the  bars  of 
the  cells  gives  no  deflection.  The  internal  resistance  of  a  cell  gives  rise 
to  a  counter  E.M.F.  reaching  at  this  extreme  end  of  discharge  as  high 
a  figure  as  0-45  of  a  volt,  so  that  the  apparent  zero  is  reached  when  the 
E.M.F.  of  the  plates  have  fallen  to  045  volt ;  as  it  continues  to  fall 
below  this  point  so  the  difference  appears  as  a  reversed  E.M.F.  on  the 
voltmeter,  till  when  the  real  zero  is  reached  it  has  the  value  of  about 
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Mr.  — 0*45.     I  have  'actually  been  observing  the  volts  of  a  cell  on  a  potentio- 

u  asquier.  jj^g^^^  when  this  has  been  happening,  have  seen  the  volts  drop  to  zero, 
and  the  beam  from  the  galvanometer  glide  past  the  zero  quicker  and 
quicker  till  it  has  gone  off  the  scale  and  the  leads  had  to  be  reversed  to 
follow  it.  When  it  attains  the  value  of  about  — 0*45  volt  for  ordinary 
current  densities  there  is  a  slight  pause,  and  again  a  noticeable  pause 
at  about  1*5  volts,  after  which  it  climbs  steadily  up  and  gives  the  usual 
E.M.F.  curve  of  a  charging  cell. 

It  is  very  seldom  that  the  capacities  of  the  plates  are  so  equal ;  as  a 
rule  one  will  reverse  considerably  before  the  other  :  in  this  case, 
roughly  speaking,  the  time  elapsing  between,  when  the  zero  is  reached, 
and  an  E.M.F.  of  more  than  one  volt  in  the  opposite  direction  is 
observed,  is  a  measure  of  the  capacity  of  the  stronger  plate. 

There  is  another  very  interesting  phenomenon  connecting  with  the 
.  reversal  of  negative  plates  of  the  Plante  type,  that  is  to  say  plates  of 
large  surface  and  thin  layers  of  active  material,  which  I  have  often 
observed,  and  that  is  that  at  the  point  of  complete  exhaustion  there  is 
a  violent  ebullition  of  gas,  collecting  in  large  bubbles  at  the  top  of  the 
plate.  This  gas  is  hydrogen ;  it  does  not  seem  possible  to  account 
for  it  electrolytically,  and  perhaps  the  explanation  may  be  that  at  this 
stage  these  unstable  allotropic  modifications  of  PbSO^  break  up  spon- 
taneously into  the  real  and  more  stable  PbS04  with  evolution  of 
hydrogen.  I  have  never  observed  it  with  any  form  of  pasted  negative 
where  the  diffusion  is  imperfect. 

Mr.  Mr.  G.  H.  Robertson  [communicated]  :  As  the  adjournment  of  the 

discussion  of  Mr.  Wade's  most  interesting  and  suggestive  paper  has 
enabled  me  to  have  it  read  over  to  me,  I  now  gladly  avail  myself  of  the 
opportunity  afforded  me  by  the  courtesy  of  the  Council  to  make  a  few 
remarks  on  it,  and  the  more  especially  so  since  the  analyses  made  by  me 
some  years  ago  have  been  frequently  referred  to,  both  in  the  paper  and 
in  the  subsequent  discussion. 

Mr.  Wade  has  stated  his  theory  of  the  chemical  action  occurring  in 
lead  batteries  clearly,  and  backed  it  up  with  well-reasoned  arguments, 
but  I  do  not  think  that  my  analyses  and  report  lend  quite  as  much  sup- 
port to  his  theory  as  he  appears  to  think  that  they  do.  The  fact  is,  none 
of  the  products  examined  by  me  could  be  in  any  sense  considered 
homogeneous,  with  the  exception  of  the  positive  and  negative  plugs  at 
the  end  of  charge.  At  all  other  times  the  positive  plugs  consisted  of 
mixtures  of  more  or  less  unreduced  peroxide  of  lead,  lead  sulphate  and 
a  brown  material  varying  in  colour  from  a  dark  sepia  to  a  very  light 
shade  of  the  same  hue.  On  treating  this  brown  substance  with  acetate 
of  ammonium  in  the  cold,  no  evidence  could  be  found  that  it  consisted 
of  anything  except  the  sulphate  and  peroxide  of  lead,  and  therefore,  as 
described  in  my  report,  in  the  quantitative  analysis  I  only  determined 
the  percentage  of  peroxide  of  lead.  I  drew  attention  to  the  fact  that  it 
was  found  that  there  were  always  unreduced  peroxide  grains  scattered 
through  the  plug,  except  on  the  surface  where  the  reduction  to  sulphate 
was  complete.  What  struck  us  most,  when  removing  the  plugs,  was 
that  the  chemical  action  started  at  their  edges,  and  then  extended  across 
their  whole  surfaces  while  also  penetrating  downwards  between  the 
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plugs  and  the  grid,  but  it  was  only  on  the  surface  layer  that  the  sulph-  «'{,^^^ 
ation  appeared  complete,  the  lower  and  inner  portions  of  the  plugs  being 
darker  in  hue,  but  when  they  were  broken  up  it  was  evident  that  the 
chemical  action  did  not  take  place  uniformly  throughout  their  mass. 
The  lower  and  inner  portions  were  darker  than  the  upper  and  outer, 
while  the  necks  of  the  plugs  even  at  the  end  of  discharge  showed  little 
or  no  visible  sign  of  the  formation  of  sulphate.  This  suggested  the  idea 
that  they  contributed  very  little  to  the  action  of  the  cell  beyond  serving 
as  conductors,  and  I  may  here  mention  that  many  months  afterwards 
Messrs.  Lamb  and  Smith  informed  me  that  the  cell  which  had  been 
used  for  the  experiments  was  working  very  satisfactorily,  and  apparently 
enjoying  good  health. 

It  appears  to  me  that  no  very  hard  and  fast  conclusions  can  be 
deduced  from  these  analyses,  because  with  a  more  porous  active 
material  which  exposed  a  larger  surface  to  the  electrolyte,  I  fancy  that 
more  of  the  peroxide  would  come  into  action  before  the  layer  of 
sulphate  formed  on  its  surface  was  sufficiently  thick  to  prevent  the 
penetration  of  the  electrolyte,  and  this  would  of  course  make  a  difference 
in  the  relative  proportions  of  peroxide  of  lead  and  lead  sulphate  found 
in  the  plate  at  the  end  of  discharge.  It  might  be  thought  that  the  colour 
of  the  product  formed  in  the  cell  would  afford  some  light  as  to  its 
constitution,  but  this  is  not  the  case,  for  powders  practically  identical 
in  hue  with  those  obtained  by  grinding  up  the  plugs  were  produced  by 
simple  mechanical  mixtures  of  pure  peroxide  and  sulphate  of  lead 
blended  together  in  a  mortar,  and  it  does  not  appear  possible  that  any 
chemical  union  could  be  effected  in  this  process.  Just  as  we  find  that 
the  addition  of  a  little  sulphate  to  the  peroxide  alters  its  hue,  so  we  find 
that  a  paste  formed  from  this  mixture  has  a  lower  E.M.F.  than  that 
afforded  by  a  paste,  of  the  pure  peroxide,  and,  as  is  well  known,  the 
latter  yields  a  lower  E.M.F.  than  the  electroljrtic.  Mr.  Desmond 
FitzGerald  demonstrated  this  fact  before  a  meeting  of  this  Institution 
many  years  ago,  and  I  also  have  repeated  the  experiment  with  pastes  of 
var3ring  composition,  but  I  could  not  find  that  the  lowering  of  the 
E.M.F.  followed  any  definite  law,  and  it  appeared  to  depend  rather  on 
the  effect  of  the  lead  strip  used  to  support  the  paste  than  on  the  pro- 
portion of  sulphate  in  the  paste.  In  the  case  of  electrolytic  peroxide 
the  oxide  is  practically  welded  into  the  lead  support,  but  in  the  case  of 
an  applied  paste  there  is  no  such  perfect  union,  however  thoroughly  it 
may  be  rubbed  and  compressed  into  the  lead,  and  so  there  is  an  oppor- 
tunity for  the  formation  of  a  couple  between  the  peroxide  and  the 
supporting  lead  which  lowers  the  E.M.F.  due  to  the  action  of  the 
peroxide  paste  and  the  opposing  lead  plate. 

It  has  been  stated  that,  if  the  peroxide  is  thoroughly  screened  from 
the  action  of  the  support,  the  chemical  peroxide  will  give  the  same 
E.M.F.  as  is  yielded  by  a  cell  which  has  reached  its  steady  value. 
This  screening  may  be  effected  by  taking  a  long  glass  tube  curved  at 
one  end,  filling  it  with  peroxide,  and  arranging  it  so  that  the  curved 
portion  just  dips  below  the  level  of  the  acid,  so  that  there  is  a  good 
column  of  peroxide  between  the  terminal  of  the  cell  and  the  level  of 
the  acid  ;  but  I  have  never  been  able  to  verify  this  statement  for  myself. 
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Mr. 
Robertson. 


Mr.  Walker. 


as  I  was  compelled  to  abandon  experimental  work  just  after  I  had  made 
a  number  of  such  tubes. 

Professor  Armstrong  has  referred  to  the  subject  of  the  formation  of 
persulphuric  acid  and  its  function  in  the  ceil  to  which  we  drew  attention 
in  1891,  and  which  was  subsequently  noted  by  M.  Darrieus  about  a 
year  later.  It  therefore  only  remains  for  me  to  say  that  Mr.  Wade  has 
done  a  great  service  in  insisting  on  the  value  of  porosity  in  the  con- 
struction of  battery  plates,  and  for  giving  us  some  term  by  which  to 
measure  it,  and  my  remarks  have  been  made  more  with  the  object  of 
showing  how  little  we  know  of  what  goes  on  in  the  cell  than  of 
disproving  the  very  symmetrical  theory  which.  Mr.  Wade  has  pro- 
pounded ;  and  I  hope  that  he  or  some  one  else  will  follow  up  the  theory 
of  molecular  compounds,  and  do  for  the  salts  of  lead  what  Perkins  has 
done  for  the  hydrates  of  sulphuric  acid. 

Mr.  S.  F.  Walker  [communicated]  :  The  paper  is,  in  my  opinion,  one 
of  the  most  valuable  that  has  been  presented  to  the  Institution  for  some 
time.  Notwithstanding  the  fact  that  a  great  deal  has  been  done  in  the 
matter  of  accumulators,  we  are  still  wanting  a  large  further  progress 
to  enable  us  to  deal  with  the  problems  that  are  waiting  for  us.  No  one 
seriously  doubts,  for  instance,  that  the  automobile  of  the  future  will  be 
electrically  driven.  Yet  as  we  know,  the  way  is  barred,  and  other 
agents,  such  as  petroleum,  and  even  steam,  are  making  far  more  head- 
way, because  of  the  uncertainty  of  the  accumulator. 

In  my  opinion,  Mr.  Wade  has  gone  pretty  well  to  the  root  of  the 
matter  in  the  remarks  which  he  makes  in  the  paper  about  the  porosity 
of  the  active  materials,  and  the  diffusion  of  the  electrolyte  through  those 
materials.  One  point  he  appears  to  have  brought  out  very  clea^jy  :  that 
it  is  useless  to  hope  for  increased  storage  capacity,  or  increased  life, 
from  an  increase  of  the  thickness  of  the  active  material.  Another  point 
that  appears  to  me  to  be  clearly  brought  out  in  the  paper  is,  that  the 
electrical  connection  between  the  active  material  and  the  supporting 
plate  must  be  largely  by  means  of  the  electrolyte.  In  fact  it  would 
appear  that  the  supporting  plate  performs  the  same  office  that  the 
negative  (collecting)  plate  performs  in  the  primary  battery,  viz.,  it 
collects  the  current  from  the  active  material,  just  as  the  copper  or 
carbon  plate  does  from  the  electrolyte,  or  from  the  depolariscr.  If 
this  is  so,  the  question  arises,  could  not  some  other  metal  be  substituted, 
in  place  of  lead,  for  the  supporting  and  collecting  plates.  I  am  aware, 
of  course,  that  by  introducing  another  metal  you  also  introduce 
additional  galvanic  action  ;  but  is  the  case  so  formidable  as  it  would 
seem  at  first  sight  ?  We  have  already  a  separate  galvanic  battery  at 
each  plate.  Would  the  loss  be  much  greater  (would  it  be  as  great  ?)  if,  in- 
stead of  lead  collecting  plates,  with  the  inevitable  lead-lead-oxide  couple, 
we  had  some  such  metal  as  aluminium,  some  metal  not  readily  attacked 
by  sulphuric  acid.  If  it  could  be  arranged  to  have  accumulators  con- 
sisting of  a  light  framework  of  such  a  metal  as  aluminium,  or  platinum, 
with  a  thin  layer  of  active  material  deposited  on  it,  by  electrolysis,  one 
of  the  difficulties  of  the  problem  of  portable  electiic  accumulators  for 
all  purposes — and  the  purposes  to  which  such  an  accumulator  could 
be  put  are  very  numerous — would  have  disappeared. 
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Again,  I  am  aware  that  the  problem  involved  in  the  electro-deposition  ***"•  Walker, 
of  a  lead  salt,  upon  aluminium,  or  upon  platinum,  is  a  very  difficult  one» 
but  it  appears  to  me  that  the  possible  gain  is  well  worth  the  trouble. 
There  is  also,  of  course,  the  question  of  expense.  If  aluminium  can.be 
used,  probably  the  extra  cost  will  not  be  serious,  if  there  be  any  extra 
cost.  But  all  these  things  behave,  often,  so  differently  from  what  we 
expect,  no  matter  how  carefully  we  think  the  niatter  out,  especially  with 
a  metal  such  as  aluminium,  whose  working  is  comparatively  unexplored, 
that  one  can  only  suggest  lines  of  investigation.  I  will  only  say  in 
conclusion,  that  in  an  electro-chemical  investigation  which  I  conducted, 
a  short  time  since,  many  things  were  found  possible  that  experienced 
chemists  assured  me  were  quite  impossible,  and  that  some  results 
obtained  with  aluminium  were  somewhat  startling,  from  their  point  • 
of  view. 

Mr.  W.  Boyd  [communicaied]  :  May  not  the  gradual  drop  in  capacity  Mr.  Boyd, 
of  the  negative  plates  of  a  battery  be  caiised  by  electrolytic  action  in  the 
cell  due  to  the  presence  of  acid  impurities  in  the  elcctrolvte  ?  Observ^a- 
tions  I  have  made  seem  to  confirm  this.  I  think  the  action  taking  place 
is  as  follows  : — Slight  traces  of  an  acid  forming  a  soluble  salt  of  lead 
being  present  in  the  electrolyte  first  of  all  attack  the  peroxide  plate  to 
form  that  salt.  This  is  during  the  next  charge  clectrolytically  deposited 
on  the  surface  and  in  the  pores  of  the  negative  plate,  liberating  the  acid, 
which  again  attacks  the  peroxide  and  dissolves  a  further  portion.  This 
action  after  a  time,  which  depends  on  the  amount  of  impurity  present, 
closes  up  the  pores  of  the  negative  plates,  thereby  decreasing  the  active 
surface  ;  the  peroxidising  of  the  plate  and  subsequent  reduction  restores 
the  capacity,  in  consequence  of  the  expansion  that  takes  place  during  the 
oxidising  and  the  contraction  during  the  reduction  making  the  plate 
once  more  porous.  In  some  bad  cases  that  I  have  seen,  the  electrolytic 
action  has  been  sufficiently  marked  to  produce  a  lead-tree  formation  on 
the  surface  of  plates.  The  impurities  present  in  the  electroljrte  may  be 
derived  from  several  sources  ;  such  as  the  acid  which  is  used  for  filling 
ceils  in  the  first  instance,  or  afterwards  for  making  up  evaporation,  not 
being  absolutely  pure,  or  because  some  acid  or  acid-forming  substance 
used  in  the  process  of  manufacture  has  not  been  removed  before  cells 
have  been  put  into  use. 

[Owing  to  the  lateness  of  the  hour  Mr.  Wade  was  asked  to  reply  to 
the  discussion  on  his  paper  at  the  meeting  on  April  5th.] 

The  Chairman  announced  that  the  scrutineers  reported  the  follow- 
ing candidates  to  have  been  elected  : — 


Members : 

Richard  Tetley  Glazebrook,  F.R.S. 
Professor  Henry  Stroud,  M.A.,  D.Sc. 
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Alexander  Adams. 
Harold  Leslie  Dixon. 
George  Horley. 
William  Augustus  Kemm. 
Sydney  George  Leech. 
Charles  Lopdell. 


Cecil  Arthur  N«ton. 

Henry  Savage. 

John  Burrell  Talbot-Crosbie. 

Charles  Turnbull. 

Edward  White. 

William  Scott  Till  Worthington. 


Associates : 


Edward  Russell  Clarke. 
George  Francis  Carter  Gordon. 
Francis  Moss  Moody. 
Charles  A.  Pulsford. 


Ernest  Smith  Awmack  Robson. 
Tyson  Sewell. 
Francis  Sydney  Shaw. 
Edwin  Charles  Smith. 


Students : 


Arthur  Francis  Turnour  Atchison. 
George  William  Selwyn  Driver. 
George  Gordon  Ede. 


Francis  Clifford  Higgs. 
Arthur  Horace  Jones. 
Alfred  Henry  King. 


Edmund  Rycroft  Verity. 
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The  Three  Hundred  and  Forty-fifth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  Great  George  Street,  Westminster,  on 
Thursday  evening,  April  5th,  1900 — Professor  SiLVANUS 
P.  Thompson,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
March  22nd,  1900,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  the 
list  should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council  : — 

From  the  class  of  Foreign  Members  to  that  of 
Members — 

Professor  E.  Mascart. 

From  the  class  of  Associate  Members  to  that  of 
Members — 

Ellis  Herbert  Crapper. 

From  the  class  of  Associates  to  that  of  Members — 

Marcus  Stanley  Chamberi?. 

From  the  class  of  Associates  to  that  of  Associate 
Members — 


David  Alexander. 
E.  J.  Brothers. 
W.  G.  Clarke. 


J.  T.  Cornish. 
A.  J.  Hodgson. 
A.  B.  Randall. 


From  the  class  of  Students  to  that  of  Associates — 

F.  R.  Bridger. 
J.  P.  Trotman. 
P.  R.  Wray. 

Messrs.  C.  H.  Rosoman  and  R.  J.  J.  Swan  were  ap- 
pointed scrutineers  of  the  ballot  for  the  election  of  new 
members. 

VOL.  XXIX.  >i6 
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Donations  to  the  Library  were  announced  as  having 
been  received  since  the  last  meeting  from  Messrs.  Carre 
and  Naud,  Senor  R.  A.  Echeverria,  and  the  Italian  Minister 
of  Posts  and  Telegraphs  ;  and  donations  to  the  Building 
Fund  were  announced  as  having  been  received  from  Mr, 
F.  W.  Clements,  Major  A.  M.  Stuart,  R.E.,  Mr.  H.  J.  Allen, 
Mr.  J.  C.  Smail,  Mr.  J.  F.  Lister,  Mr.  A.  P.  McDouall,  Mr. 
E.  Manville ;  and  to  the  Benevolent  Fund,  from  Mr.  A.  H. 
King,  Mr.  C.  Turnbull,  and  Messrs.  E,  Green  &  Sons,  Limited, 
to  all  of  whom,  on  the  motion  of  the  President,  a  vote  .of 
thanks  was  unanimously  accorded. 

The  President  :  I  have  to  announce  that  extra  meet- 
ings will  be  held  on  May  3rd  and  May  17th,  at  the  Institution 
of  Mechanical  Engineers,  by  the  kind  permission  of  the 
Council  of  that  body. 

I  now  call  upon  Mr.  Wade  to  reply  to  the  discussion  on 
his  paper  on  Battery  Storage  Problems. 

Mr.  Wade.  Mr.  E.  J.  Wade  (in  reply) :  Before  replying  to  the  various  criti- 

cisms passed  on  my  paper,  I  must  thank  members  for  the  leniency 
with  which  they  have  received  some  of  my  views  even  when  not 
agreeing  with  them,  for  I  was  painfully  aware  that  in  advancing  new 
theories  not  supported  by  more  direct  experimental  evidence  I  could 
not  have  complained  had  they  been  subjected  to  much  more  severe 
handling. 

The  first  point  I  must  deal  with  is  the  doubt  expressed  by  Mr. 
Swinburne  and  Mr.  Cooper  as  to  the  need  for  further  attempts  to 
explain  what  went  on  in  lead  cells.  Has  not  the  matter  already  been 
substantially  thrashed  out  and  stated  in  its  simplest  terms,  and  am  I 
not  merely  setting  up  imaginary  difficulties  in  order  to  knock  them 
down  with  ingenious  and  complicated  arguments  ?  This  question  is 
most  vital  to  the  whole  scope  and  purpose  of  my  paper,  for  were  the 
answer  in  the  affirmative  I  should  stand  convicted  of  having  most 
unnecessarily  occupied  the  valuable  time  of  this  Institution. 

Mr.  Cooper  thought  that  if  secondary  cells  had  only  been  used  ai> 
primary  cells  there  would  not  have  been  all  this  bother  about  them. 
Possibly  not.  As  long  as  their  employment  in  the  engineering  and 
elttctrical  world  had  been  limited  to  that  of  primary  cells,  the  general 
statements  already  available  might  have  been  quite  sufficient  for  all 
practical  purposes,  but  I  think  we  may  rather  reverse  Mr.  Cooper*s 
dictum  and  say  that  if  primary  cells  had  been  born  secondary  cells 
many  of  the  accepted  explanations  regarding  them  would  long  ago 
have  had  to  be  overhauled  and  far  more  explicitly  stated. 

Mr.  Swinburne  considers  that  the  discharge  of  a  cell  can  be  ex- 
pressed, so  far  as  the  electrodes  are  concerned,  in  terms  of  the  forma- 
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tion  of  normal  lead  sulphate,  and  that  the  cell's  behaviour  can  in  all  Mr.  Wade. 
respects  be  reconciled  with  this  assumption. 

Here  we  come  to  what  is  and  always  has  been  the  crux  of  the  whole 
matter,  and  I  have  stated  in  my  paper  the  chief  and,  to  my  mind,  fatal 
objection  to  that  view.     I  will  read  the  few  lines  I  refer  to  : — 

"Normal  lead  sulphate  is  probably  quite  irreducible  if  not  un- 
peroxidisable,  in  a  dilute  sulphuric  acid  electrolyte  of  the  strength 
ordinarily  used  in  storage  cells,  provided  all  ^he  materials  are  absolutely 
pure,  for  the  smallest  traces  of  impurities  make  a  remarkable  difference 
in  this  respect.  But  however  that  may  be,  there  is  no  doubt  as  to  its 
being  acted  upon  with  extreme  slowness,  under  the  most  favourable 
conditions  in  admixture  with  other  materials  of  a  more  conductive 
nature,  and  then  only  with  an  excessive  outlay  of  energy  in  proportion 
to  the  result  obtained  ;  whereas  both  the  active  materials  can  be  brought 
back  to  their  original  states  of  lead  and  lead  peroxide  with  great 
rapidity  and  the  expenditure  of  very  little  more  current  than  is  theoreti- 
cally necessary.  This  discrepancy,  as  well  as  the  almost  complete 
masking  of  other  properties  of  the  normal  sulphate,  can  hardly  be 
explained  as  due  to  its  state  of  extreme  subdivision  and  intimate 
admixture  with  unaltered  active  material,  for  under  certain  well-known 
conditions  of  treatment  it  does  appear  in  full  possession  of  its  distinctive 
colour  and  with  its  non-conductivity  and  irreducibility  aggressively  in 
evidence.*' 

Before  writing  that,  I  had  carefully  considered  all  the  experimental 
evidence  of  which  I  have  any  knowledge  bearing  on  the  subiect,  and  I 
do  not  think  I  have  said  anything  that  cannot  be  justified.  The  most 
debatable  point  refers  to  the  reduction  of  normal  lead  sulphate.  Both 
Lord  Kelvin  and  Dr.  Lodge  were  unable  to  reduce  it  electrolytically. 
Then  Messrs.  Gladstone  and  Tribe  obtained  its  reduction,  and  later  on 
Mr.  Swinburne  also  found  that  it  would  reduce.  But  meanwhile  Dr. 
Lodge,  aware  of  the  results  obtained  by  Messrs.  Gladstone  and  Tribe, 
carefully  repeated  his  experiments,  and  still  he  could  not  reduce  the 
pure  sulphate.  I  have  myself  several  times  tried  to  reduce  it  electro- 
lytically, without  success,  but,  as  just  mentioned,  I  have  found  this 
negative  result  may  be  very  easily  modified  by  the  presence  of  im- 
purities. I  will  reserve  further  remarks  on  this  point  for  my  com- 
municated reply,  for  I  do  not  think  that  the  clearest  proof  of  the  mere 
possibility  of  reducing  the  normal  sulphate  would  affect  the  main  issue. 
Even  granting  that,  it  appears  to  me  that  all  the  evidence  is  against  the 
possibility  of  the  normal  sulphate  being  either  reduced  or  peroxidised 
with  anything  approaching  the  rapidity  and  efficiency  with  which  these 
operations  are  performed  every  time  a  cell  is  charged,  and  I  maintain 
that,  if  for  no  other  reason,  this  alone  would  render  it  necessary  some- 
what to  modify  or  to  supplement  the  usual  explanation. 

At  present  we  try  to  explain  the  reaction  of  lead  with  sulphuric  acid 
as  if  it  were  an  exactly  similar  one  to  that  of  zinc  and  sulphuric  acid, 
whereas  there  is  an  essential  difference  between  them.  In  the  latter 
case  the  resultant  compound  is  a  soluble  one ;  the  molecules  of  zinc 
taking  part  in  the  reaction  pass  into  solution  and  their  relations  with 
the  remainder  of  the  electrode  are  thereby  entirely  ruptured    But  in 
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Mr.  Wade,  the  case  of  lead,  the  sulphate  being  insoluble,  the  lead  molecules  do 
not  acquire  the  same  freedom  of  motion  and  are  unable  to  change  their 
position.  This  being  so,  it  seems  to  me  extremely  probable  that  besides 
reaction  with  the  sulphion  ions  in  the  electrolyte,  they  also  still  remain 
in  feeble  and  unstable  combination  with  other  lead  molecules  in  the 
active  material,  and  this  is  what  the  view  I  have  ventured  to  put  before 
you  practically  amounts  to. 

I  need  hardly  remind  you  that  the  question  to  be  decided  is  not 
which  is  the  simplest  theor>',  but  which  is  the  true  one.  There  is  no 
use  in  sticking  to  a  simple  theory  on  account  of  its  simplicity  if  it  does 
not  really  explain  the  facts.  At  the  same  time,  I  do  not  think  that  my 
account  of  the  cell's  reactions,  if  properly  looked  at,  is  really  more 
complicated  than  the  one  generally  accepted.  All  I  propose  is,  that  for 
any  given  output,  instead  of  saying,  as  we  should  in  the  case  of  a  zinc 
electrode,  that  so  many  molecules  have  been  fully  converted  into  normal 
sulphate,  we  should  say  that  the  whole  number  of  molecules  in  the 
electrolytic  circuit  have  passed  through  a  certain  degree  of  sulphation. 

I  think,  perhaps,  by  assuming  for  illustrative  purposes,  lead  molecules 
of  a  specified  constitution,  and  working  out  a  formidable  series  of  com- 
pounds on  that  basis,  I  have  chosen  a  rather  clumsy  method  of  express- 
ing myself  and  have  obscured  my  real  meaning.  If  I  had  merely 
given  the  general  case  in  the  form  of  an  algebraical  equation,  it  would 
probably  not  have  appeared  nearly  so  complicated. 

Dr.  Armstrong  put  the  query  as  to  whether  my  sulphated  compounds 
really  helped  matters  much  because  they  had  to  be  assumed  of  such 
very  unstable  constitution.  No  doubt  in  some  ways  it  must  app>ear 
something  of  a  quibble  to  attach  so  much  importance  to  the  difference 
between  an  extremely  intimate  mixture  and  an  extremely  feeble  com- 
pound, but  all  the  same  the  two  phrases  serve  as  the  basis  for  two 
entirely  distinct  lines  of  reasoning ;  and  very  important  differences  of 
physical  structure  and  properties  do  sometimes  result  from  most  in- 
significant alterations  of  chemical  equilibrium.  As  I  have  t>een  some- 
what reproached  with  introducing  unnecessary  complications  into  an 
extremely  simple  problem,  I  was  very  glad  to  hear  some  one  who  can 
speak  with  so  much  authority  as  Dr.  Armstrong  calling  attention  to  the 
fact  that  there  are  other  complications  connected  with  the  formation  of 
lead  peroxide  and  the  changes  occurring  in  the  electiolyte,  o£  which  I 
have  hardly  taken  any  notice  at  all. .  This  was  simply  due  to  my 
endeavour  to  leave  out  everything  that  did  not  directly  l>ear  on  the 
special  points  I  wished  to  bring  before  you,  but  it  is  as  well  we  should  be 
reminded  how  much  obscurity  still  attaches  to  what  is,  after  aH  the  funda- 
mental action  in  a  storage  cell — the  electrolysis  of  dilute  sulphuric  acid. 

Mr.  Hibbert  has  given  several  reasons  for  not  considering  the  active 
materials  to  be  in  an  allotropic  condition.  Of  course,  so  far  as  he  has 
obtained  results  opposed  to  those  of  Darrieus,  he  weakens  the  positive 
evidence  in  favour  of  allotropy,  and,  as  is  generally  the  case  in  all 
attempts  to  clear  up  these  matters,  we  are  left  in  the  puzzling  position 
of  having  to  decide  between  conflicting  data. 

I  do  not  think  his  other  two  reasons  apply  to  the  case.  I  ccrtainlv 
fc^  should  expect  spongy  lead  precipitated  from  solution  by  zinc,  to  give 
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the  same   E.M.F.  effects  as  ordinary  negative  active  material,  for  I   Mr.Wadc 
believe  lead  obtained  by  all  such  processes  to  be  in  an  allotropic  state, 
and  I  do  not  think  there  is  any  electrolytic  method,  such  as  the  one  in 
question  essentially  is,  by  which  lead  can  be  deposited  in  a  normal 
condition  corresponding,  for  instance,  with  ordinary  electrolytic  copper. 

As  regards  the  comparison  of  the  specitic  resistances  of  electro- 
lytically  and  chemically  prepared  lead  peroxide,  I  doubt  the  possibility 
of  any  conclusions  bearing  upon  the  question  of  allotropy  being  drawn 
from  Dr.  Shield's  experiments  on  these  substances  in  the  fprm  of  com- 
pressed powders.  The  measurements  were  only  incidental  to  an 
investigation  carried  out  with  quite  another  object,  and  I  should  say 
the  results  would  vary  with  every  difference  in  the  degree  of  pressure 
to  which  the  powders  were  subjected  and  the  size  of  the  particles  of 
which  they  were  composed  ;  and  also  the  precise  electrolytic  process 
by  which  the  peroxide  was  procured.  As  it  was,  the  results  showed  a 
difference  in  resistance  of  over  15  per  cent.,  which  might  be  construed 
equally  well  in  favour  of  allotropy  as  against  it ;  but  had  the  difference 
been  50  per  cent,  or  nothing  at  all,  I  should,  under  the  circumstances, 
still  attach  no  value  to  it. 

I  regret  to  find  that  the  portion  of  my  paper  relating  to  the  necessity 
for  increasing  the  porosity  of  the  active  materials  and  the  rate  of 
diffusion  into  them  had  been  somewhat  misunderstood.  After  giving 
some  definite  figures  to  show  how  defective  are  the  active  materials  of 
commercial  cells  in  this  respect,  I  go  on  to  say  :  "  As  long  ago  as  1889 
Messrs.  Duncan  and  Wiegand  called  attention  to  some  of  the  results 
that  must  ensue  if  proper  diffusion  were  not  provided  for  ;  and  Messrs. 
Gladstone  and  Hibbert,  in  their  communication  to  this  Institution  in 
1892,  also  indicated  some  of  the  effects  probably  due  to  this  cause. 
In  the  latter  instance,  however,  they  were  considering  the  matter 
chiefly  in  its  relations  to  the  E.M.F.s  of  cells  under  various  conditions ; 
and  I  think  it  yet  remains  to  be  recognised  how  far-reaching  are  the 
consequences  of  defective  diffusion,  and  how  many  of  the  faults  and 
shortcomings  of  the  cells  may  be  attributed  to  it." 

I  thought  that  made  my  position  in  the  matter  quite  clear,  and  I 
then  proceeded  to  work  out  the  whole  case  against  insufficient  porosity, 
indicating  in  what  parts  of  the  active  materials  and  under  what  con- 
ditions the  different  effects  occur.  Mr.  Hibbert  was  quite  right  with 
regard  to  the  extract  he  read  at  the  last  meeting  from  Dr.  Gladstone 
■  and  his  own  paper  of  1892,  describing  the  effect  of  the  weak  acid  in 
the  pores  on  a  cell's  output  and  the  production  of  abnormal  com- 
pounds. Although  considerably  elaborated,  and  with  what  I  believe 
to  be  some  important  modifications,  its  substance  does  appear  again  in 
my  paper,  and  it  is  essential  to  my  object  that  it  should  do  so,  for  I  am 
there  endeavouring  to  collect  the  previously  scattered  and  sometimes 
indefinite  statements  and  embody  them  all  in  a  precise  and  definite 
whole ;  but  I  do  not  think  there  is  anything  to  suggest  that  I  imagined 
I  was  the  first  person  to  study  porosity  and  diffusion.  As  a  matter  of 
fact,  the  paragraphs  quoted  by  Mr.  Hibbert  are  in  their  turn  covered 
by  a  still  more  general  statement  of  the  same  points  made  by  Mr. 
Swinburne  in  the  paper  he  read  before  this  Institution  in  1886. 


Digitized  by  LjOOQ  IC 


628  WADE:  STORAGE   BATTERY   PROBLEMS.  [April 5th, 

Mr.  Wade.  There  is  a  second  point  in  my  paper  which  appears  to  have  been 

still  more  completely  misapprehended,  and  that  is  where  I  refer  to  the 
gradual  loss  of  capacity  so  often  experiencd  by  negative  electrodes, 
which  I  said  had  never  yet  been  satisfactorily  explained.  Mr.  Hibbert 
pointed  out  that  this  was  due  to  the  discharge  or  sulphating  of  the 
sf)ongy  lead  by  local  action  with  the  electrolyte,  and  he  gave  quite  a 
number  of  authorities  who  had  previously  mentioned  the  fact.  I  suppK>se 
I  ought  to  have  made  myself  clearer,  but  it  never  occurred  to  me  that 
I  should  be  thought  at  this  late  period  to  be  still  trying  to  explain  that 
simple  and  well-understood  effect.  The  loss  of  capacity  I  referred  to 
was  one  spread  over  a  much  longer  period  and  much  more  permanent 
in  its  nature.  It  is  usually  supposed  that  negative  plates  will  outlast 
two  or  more  sets  of  positives.  Where  the  conditions  of  working 
arc  severe,  and  the  life  of  the  positives  for  this  or  other  reasons 
short,  such  is  generally  the  case ;  but  if  the  battery  has  been  ^'ell 
treated  and  the  positives  have  lasted  a  long  time,  it  does  not  usually 
follow. 

If  after  five  or  six  years  the  capacity  of  a  battery  has  fallen  very  low, 
and  while  the  negatives  are  to  all  appearances  in  as  good  condition  as 
when  first  put  in,  the  positives  have  shed  most  of  their  active  material 
and  are  beginning  to  break  up,  it  seems  obvious  that  the  fault  must  lie 
with  the  positives ;  but  when  these  have  been  replated,  the  capacity  is 
often  found  to  be  not  a  whit  improved,  and  finally  the  negatives  have 
to  be  renewed  also.  This  is  a  very  usual  occurrence,  and  illustrates 
the  phenomenon  I  was  really  alluding  to.  Without  any  loss  of  active 
material,  the  capacity  of  all  negatives  of  whatever  type  steadily  decreases 
in  the  course  of  time.  In  some  cases  it  will  be  an  extremely  slow 
process;  in  other  cases,  perhaps  certain  types  or  even  only  certain 
batches  of  cells,  but  without  any  apparent  reason,  a  large  proportion 
of  their  capacity  will  be  gone  in  a  year  or  two,  and  when  a  manufacturer 
has  to  guarantee  a  battery  still  to  give  a  specified  output  at  the  end  of 
a  certain  time,  he  is  often  more  anxious  about  the  negatives  and  the 
margin  of  capacity  they  should  or  do  possess  than  he  is  about  the 
positives. 

The  late  Mr.  Frank  King  was,  I  believe,  the  first  to  call  public 
attention  to  this  behaviour  of  negatives  in  the  course  of  the  discussion 
on  Professor  Ayrton's  paper  on  '•  The  Chemistry  of  Secondary  Cells," 
in  1892 ;  and  he  pointed  out  that  it  was  accompanied  by  shrinkage  of 
the  active  material.  The  loss  of  capacity  may,  as  Mr.  King  seemed  to 
think,  be  chiefly  a  ^natter  of  loss  of  contact  between  the  active  material 
and  its  support ;  but  even  then  it  would  only  be  a  result  of  the  shrinkage 
and  not  its  cause.  The  effect  is  certainly  not  due  to  sulphation,  and 
I  am  inclined  to  ascribe  it  to  some  molecular  change  of  structure.  In 
this  connection  it  is  curious  to  note  that  the  capacity  may  sometimes 
be  restored  by  reversal  if  the  electrodes  are  of  a  kind  that  satisfactorily 
admits  of  such  treatment. 

I  was  relieved  to  find  that  the  most  tienchant  of  Professor  Ayrton's 

criticisms  were  directed  at  the   Electric  Cab  Company  and  not   at 

_  myself.     He  put,   however,    two  questions.    The  one  was  why  the 

potential  difference  of  a  cell  rose  during  the  first  few-  minutes  of  a 
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discharge  following  upon  a  prolonged  rest  on  open  circuit.  I  have  Mr.Wade. 
often  puzzled  over  the  curves  showing  this  effect,  but  have  never  been 
able  to  hit  upon  an  explanation  which  was  at  all  satisfactory,  for  two 
reasons ;  tirstly,  there  are  other  curves  in  the  series  from  which  those 
in  question  are  taken  that  show  no  rise  of  potential  difference  on 
discharge  after  eqiially  prolonged  rest ;  and  secondly,  it  takes  several 
discharges,  each  following  directly  on  the  previous  charge^  to  wipe  out  the 
rise  and  restore  the  curve  to  its  normal  shape. 

The  other  question  was,  how  so  much  more  energy  could  be  put 
into  a  cell  by  charging  at  constant  potential  instead  of  at  constant 
current,  especially  having  regard  to  my  view  that  the  higher  the 
charging  current,  the  greater  would  be  the  liability  for  the  inner  layers 
not  to  receive  their  proper  share.  The  two  certainly  do  not  at  first  sight 
appear  to  fit  well  together,  and  although  in  the  absence  of  fuller  data  as 
to  the  effects  of  extremely  high  charging  rates  it  is  impossible  to  do 
more  than  hazard  an  explanation,  I  think  it  may  probably  be  somewhat 
as  follows  :  I  have  assumed  in  my  paper  that  the  outer  surfaces  of  the 
active  materials  work,  under  all  conditions  of  charge  and  discharge,  in 
an  electrolyte  of  the  same,  or  almost  the  same,  strength  as  |hat  contained 
in  the  main  body  of  the  cell.  I  think  this  must  hold  good  for  all 
ordinary  charging  rates,  and  if  so,  an  unequal  distribution  of  the  current 
on  the  lines  I  have  indicated  necessarily  results.  But  when  such 
relatively  enormous  currents  are  used  as  flow  during  the  first  period 
of  a  charge  at  constant  potential,  the  acid  will  be  released  in  the  pores 
with  such  extreme  rapidity  that  the  bulk  of  the  electrolyte  will,  so  to 
speak,  be  pushed  back  from  the  electrodes  and  e^^ery  portion  of  the 
active  materials  will  be  surrounded  by  much  stronger  acid,  If  this 
happens,  although  the  whole  potential  difference  of  the  cell  rises 
rapidly,  the  distribution  of  the  current  will  be  much  more  uniform  ; 
and  by  the  time  the  current  has  dropped  to  what  would,  under  the 
usual  conditions,  be  considered  a  high  charging  rate,  the  recharge  of 
the  inner  layers  of  active  material  will  be  too  nearly  completed  for  the 
unequal  distribution  that  may  then  set  in  appreciably  to  affect  it. 

[Communicated.']  With  further  reference  to  the  question  of  the 
electrolytic  reduction  of  lead  sulphate  in  sulphuric  acid,  I  am  inclined 
to  think  that  the  discrepancies  between  the  results  previously  obtained 
may  possibly  have  been  due  to  its  not  always  being  perfectly  pure.  The 
method  most  probably  adapted,  as  being  the  simplest  and  readiest,  to 
prepare  lead  sulphate  for  laboratory  tests  would  be  to  precipitate  a 
solution  of  lead  nitrate  or  acetate  with  sulphuric  acid  and  then  wash  it 
thoroughly.  Now  lead  sulphate  is  not  at  all  an  easy  substance  to  wash 
properly,  and  my  experience  has  been  that  after  the  washing  is  apparently 
quite  complete,  it  still  retains  perceptible  traces  of  nitrate  or  acetate  in 
combination  with  it ;  and  it  is  just  such  small  quantities  of  impurity  that 
I  find  make  all  the  difference  in  its  reduction.  Possibly  a  very  prolonged 
washing  with  boiling  water  would  entirely  remove  them,  but  unless 
sulphate  prepared  by  this  method  were  subjected  to  ignition  before  using 
it,  I  should  be  very  doubtful  as  to  its  purity  >  and  errors  due  to  this  cause 
might  easily  creep  in  without  one  were  specially  on  their  guard  against 
them. 
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Mr.  Wade. 


The 
President. 


What  appears  to  me  to  be  the  real  factor  which  determines  the 
reduction  of  lead  sulphate  and  enables  its  electrical  non-conductivity  to 
be  overcome,  is  not  its  degree  of  contact  with  the  electrode,  but  its  degree 
of  solubility  in  the  electrolyte.  This  was  substantially  the  conclusion 
arrived  at  by  Dr.  Lodge,  as  may  be  seen  by  reference  to  an  interesting 
letter  of  his  which  appeared  in  Nature  for  October  19th,  1882.  The 
experiments  there  described  were  made  with  lead  sulphate  prepared 
from  the  carbonate,  so  that  in  this  instance  all  chance  of  errors  due  to 
the  cause  just  suggested  would  be  eliminated. 

Lead  sulphate  can  certainly  be  per  oxidised  even  where  it  cannot  be 
reduced,  but  then  the  conditions  existing  at  the  anode  and  cathode  are 
not  the  same.  With  sulphuric  acid  solutions  of  almost  every  strength, 
some  small  quantity  of  persulphuric  acid  will  be  produced  at  the  surface 
of  the  anode,  and  this  probably  reacts  slowly  with  the  lead  sulphate, 
converting  it  into  persulphate,  which  then  immediately  passes  over  to 
peroxide. 

The  strength  of  the  electrolyte  used  is  therefore  a  very  important 
matter,  because  it  has  a  direct  relation  both  to  the  solubility  of  the 
sulphite  and  to  the  amount  of  persulphuric  acid  that  will  be  formed, 
but  no  data  on  this  point  appear  to  be  given  in  any  of  the  published 
investigations. 

A  further  attempt  to  determine  the  conditions  under  which  lead 
sulphate  can  be  reduced  and  peroxidised  would  be  well  worth  making ; 
and  if  special  attention  were  given  to  the  purity  of  the  materials  and  the 
strength  of  the  electrolyte,  I  believe  there  would  not  be  much  difficult}' 
in  definitely  ascertaining  them. 

The  President  :  I  have  to  ask  you  to  accord  a  hearty  vote  of  thanks 
to  Mr.  Wade  for  his  paper,  which  is  one  of  the  most  important  papers 
on  the  subject  of  accumulators  that  has  been  brought  before  this 
Institution  or  any  other  scientific  body  for  some  years. 

Carried  by  acclamation. 


THE    ELECTRICAL    EQUIPMENT    OF    SHIPS 
OF   WAR. 

By  C.  E.  Grove,  Member. 

Introductory. 

This  subject,  already  a  great  one,  is  rapidly  growing,  and 
the  use  of  electricity  on  ships  of  war  is  yearly  being  extended 
in  all  the  navies  of  the  world.  While,  therefore,  the  bulk 
of  the  paper  records  what  has  already  been  accomplished, 
regard  has  been  paid  throughout  to  certain  imminent 
developments  which  in  many  departments  o'ershadow 
present-day  practice. 

The  methods  followed  in  the  English  Navy  have  to  so 
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large  an  extent  constituted  a  guide  and  pattern  to  the  world, 
that  the  basis  of  the  present  paper  lies  naturally  in  British 
Admiralty  practice.  In  certain  navies,  however,  important 
departures  from  British  practice  now  exist,  and  tend  to 
become  more  marked  with  the  flux  of  time  ;  some  of  these 
are  referred  to  hereafter.'  The  author's  intention  has  been 
entirely  to  avoid  administrative  and  tactical  questions,  and 
to  treat  the  subject  solely  from  the  point  of  view  of  an 
independent  electrical  engineer.  In  British  warships,  and 
in  ships  built  in  this  country  for  foreign  Governments,  the 
constructive  work  falls  into  three  main  divisions,  dealt  with 
respectively  by  the  "  shipbuilders,"  the  '*  engineers,"  and  the 
'*  ordnance  contractors  " ;  and  part  of  the  electrical  work 
falls  into  each  division.  In  the  present  paper  this  distinction 
is  ignored  and  the  electrical  equipment  treated  as  a  unity. 

PART  I. 
GENERAL   EQUIPMENT. 

Dynamos. 

The  first  important  step  in  the  use  of  electricity  on  board 
ships  of  war  dates  from  the  introduction  of  the  dynamo. 
in  1876  a  Wilde  alternate-current  magneto  machine,  belt- 
driven,  was  installed  in  H.M.S.  "  Minotaur,"  to  work  a  search- 
light projector.  This  machine  gave  place  to  the  continuous- 
current  Gramme  dynamo,  so  soon  as  the  latter  had  assumed 
practical  form  ;  and  this  again  was  superseded  in  due  course 
by  the  two-pole  drum-wound  direct-coupled  compound  steam 
dynamo  which  until  about  1895  was  standard  in  our  navy. 
The  size  of  unit  varies  in  our  navy  by  steps  of  100  amperes 
from  a  machine  giving  100  amperes  in  the  case  of  torpedo 
boat-destroyers,  small  gunboats,  and  the  like,  to  a  machine 
of  600  amperes  as  now  used  in  all  modern  battleships  and 
large  cruisers.  The  standard  voltage  is  80  in  all  cases,  this 
having  been  settled  long  ago  as  a  convenient  compromise 
between  the  pressure  required  for  working  searchlights  and 
that  giving  the  best  efficiency  in  the  ordinary  electric-light 
circuits.  With  the  growing  demands  for  current,  this  low 
voltage  is  becoming  increasingly  inconvenient — a  matter 
which  will  be  referred  to  again  further  on.     For  all  sized 
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sets,  from  200  amperes  upwards,  the  standard  speed  is  300 
to  320  revolutions  per  minute,  though  in  the  smallest  sets 
speeds  occasionally  run  up  as  high  as  500  revolutions  per 
minute.  Engines  running  up  to  500  revolutions  with  forced 
lubrication  are  now  being  introduced  for  the  larger  sizes. 
By  the  provision  of  clauses  in  the  specification  requiring 
the  engine  to  work  the  dynamo  with  a  low  steam  consump- 
tion, and  requiring  that  the  temperature  of  the  dynamo  after 
six  hours'  run  at  full  load  shall  not  exceed  80  degrees  Fahr. 
above  the  surrounding  air,  the  essential  conditions  for  ob- 
taining a  well-built  machine  of  high  efficiency  and  moderate 
weight  are  secured.  Fig.  i  shows  the  general  appearance  of 
a  British  Admiralty  steam  dynamo  of  the  ordinary  two-pole 
horseshoe  type.  These  machines  almost  invariably  had 
smooth  cores.  "  Ironclad" machines  were  introduced  some 
live  years  ago  to  overcome  a  difficulty  which  had  been  dis- 
covered on  ships  equipped  with  ordinary  dynamos,  namely, 
that  considerable  disturbance  of  the  compass  readings  was 
obsei-ved,  depending  on  the  stray  magnetic  field  produced 
by  the  dynamos  and  varying  with  the  number  of  dynamos 
that  were  at  w^ork.  Until  this  interference  had  been  actually 
proved  to  be  due  to  the  dynamos  themselves,  it  had  been 
attributed  to  induction  from  the  currents  in  the  wires  about 
the  ship ;  but  it  was  found  that  their  action  was  much  less 
important  than  the  direct  influence  of  the  dynamos.  With 
an  ironclad  machine  the  stray  magnetic  field  is  reduced  to 
one-half,  or  less,  of  what  it  is  with  an  ordinary  open-type 
machine,  the  stray  field  from  the  magnets  (provided  the 
machine  is  liberally  designed  as  regards  the  mass  of  iron) 
being  almost  nil,  while  the  leakage  of  magnetism  axially 
along  the  armature  shaft  is  greater. 

The  chief  difficulties  in  designing  ironclad  dynamos 
arise  in  designing  to  a  minimum  weight  and  in  providing 
adequate  ventilation.  Figs.  2  and  3  show  an  ironclad 
dynamo  of  the  author's  design  in  which  thorough  ventilation 
is  secured  by  the  device  of  coring  slots  through  the  bottom, 
sides,  and  ends  of  the  magnet  castings.  The  weight  of  an 
ironclad  dynamo  is  greater  by  50  per  cent,  to  75  per  cent, 
than  that  of  an  ordinary  Admiralty  open-type  machine  of 
the  same  output,  which  reason  has  led  to  the  ironclad  type 
being  superseded  by  an  open  four-  or  six-pole  machine,  which, 
on  the  whole,  provides  the  best  combination  of  good  venti- 
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lation,  minimum  external  leakage  and  accessibility  of  parts. 
Fig.  4  shows  a  recent  6oo-ampere  Admiralty  set,  by  Messrs. 
W.  H.  Allen,  Son  &  Co.  Most  modern  Admiralty  dynamos 
have  slotted  cores.  The  total  weight  of  such  a  set  is  about 
6|  tons,  of  which  the  armature  represents  about  ij  tons. 


Fir..  5. — United  States  Navy  Generator,  50  k.w.  (General  Electric  Co., 
Schenectady). 


The  United  States  Navy  usually  employs  a  four-pole  machine, 
their  largest  units  being  of  50  kilowatts  at  80  volts  at  400 
revolutions  per  minute.  The  temperature  limit  is,  however, 
50  degrees  Fahr.,  which  involves  a  heavier .  dynamo  than 
the  British   for  the  same   output.     Fig.   5   shows   such   a 
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set    constructed    by   the    General    Electric    Company  of 
Schenectady. 

By  way  of  contrast  to  these  large  machines,  a  small  steam 
dynamo  (Fig.  6)  may  be  mentioned  which  was  recently 
designed  by  the  author  and  fitted  into  40-feet  and  56-feet 
steam  pinnaces  for  the  Russian  Government  for  working 
searchlights.  In  this  particular  case  the  required  output 
was  60  amperes  x  65  volts  at  500  revolutions  per  minute, 
though  the  set  has  a  maximum  output  of  6  units,  on  a  total 
weight  of  12  cwt. 

Steam  engines  of  the  open  type  are  usually  employed  for 
dynamo  driving.  They  have  to  be  constructed  strongly 
enough  to  work  with  the  full  steam-pressure  from  Belleville 
boilers  (275  to  300  lbs.  per  square  inch),  though  with  cylinder 
areas  large  enough  to  furnish  their  nominal  full  output  at 
150  to  200  lbs.  pressure.  Among  the  essential  conditions 
for  successful  working  are  ample  bearing  surfaces,  with 
thorough  lubrication  to  ensure  cool  working  for  long 
periods,  and  ability  to  get  rid  of  large  volumes  of  water 
which  come  over  with  the  steam  when  auxiliaries  on  the 
same  range  of  steam-pipes  are  started. 

The  importance  of  preserving  the  dynamos  unharmed 
in  war  is  so  great  that  at  least  a  sufficient  number  of  sets 
to  supply  all  the  fighting  parts  of  the  ship  must  be  kept 
under  protection.  Unfortunately  this  generally  means 
placing  the  machines  in  a  warm,  ill-ventilated  space,  so  that 
their  durability  is  impaired.  Again,  if  all  the  dynamos  are 
together,  an  injury  to  the  compartment,  or  to  the  steam  and 
exhaust  pipes  serving  the  electric-light  engines  would  place 
the  whole  hors  de  combat,  and  put  the  ship  in  darkness. 
Our  Admiralty  practice  is  to  put  one  of  a  set  of  three  or 
four  dynamos  in  some  daylight  position  on  the  upper  or 
main  deck  to  supply  all  the  ordinary  lighting  current  in 
"peace,"  and  to  place  the  dynamos  that  are  used  in  action 
below  the  water-line.  Nations  differ  as  to  the  advisability 
of  doing  this,  the  control  being  certainly  less  convenient 
when  the  machines  are  in  separate  places.  The  United 
States  Navy  place  all  the  dynamos  in  one  compartment. 
The  Japanese  divide  the  dynamos  between  the  fore  and  aft 
auxiliary  machinery  rooms,  but  keep  them  all  under 
protection. 
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This  standard  British  Admiralty  pattern  switchboard 
consists  of  a  slate  or  slates  carrying  horizontally  upon  them 
a    series   of   omnibus   bars,   connected   severally  with  the 
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positive  and  negative  terminals  of  the  dynamos  ;  and  bridg- 
ing over  these,  a  series  of  vertical  slotted  bars  leading  through 
fuses  to  the  circuits,  and  carrying  sliding  contact  plugs 
which  can  be  pressed  down  so  as  to  make  contact  on  the 
top  and  sides  of  the  omnibus  bars,  being  locked  in  the  "on" 
position  by  a  spring  handle,  and  maintained  in  the  "  off  *' 
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position  by  the  action  of  an  internal  spiral  spring,  which 
also  gives  a  quick  break.  The  switchboard  has  the  merit 
that  all  the  current-carrying  parts  are  on  its  face,  and  it  is 
fairly  compact ;  but  the  method  of  making  electrical  contact 
leaves  much  to  be  desired,  and  the  switch  parts  consist  of  a 
number  of  components  which  give  complexity  and  add  to 
the  cost  of  maintenance.  The  present  design  of  board  grew 
out  of  that  older  type  known  to  telegraph  engineers  as  the 
"  Umschalter,"  in  which  contact  was  made  between  any  one 
of  a  series  of  vertical  bars  and  any  other  of  a  series  of 
horizontal  bars  by  screwed  or  coned  plugs  uniting  them  at 
their  intersection ;  this  style  of  board  failed  in  service 
because  of  the  practice  of  making  and  breaking  circuit  on 
the  plugs,  which  led  to  their  speedy  destruction. 

In  the  English  Admiralty  board,  while  any  circuit  or  any 
number  of  circuits  can  be  worked^from  one  dynamo,  it  is 
not  possible  to  work  two  or  more  dynamos  in  parallel  on  the 
same  circuit ;  and  in  transferring  a  circuit  of  lights  from  one 
machine  to  another,  it  is  necessary  to  extinguish  them  during 
the  process,  which  is  objectionable.  Time  was  when  the 
parallel  working  of  compound  wound  dynamos  was  attended 
with  difficulty  ;  but  the  conditions  are  now  well  understood, 
and  parallel  working  is,  in  fact,  in  successful  operation  on 
many  ocean  liners  and  in  other  navies. 

These  switchboards  are  usually  made  up  to  standard 
drawings  and  arranged  for  three  dynamos  and  six  circuits. 
When,  as  is  commonly  the  case,  the  number  of  circuits 
exceeds  six,  one  or  more  additional  boards  are  fitted,  and 
their  dynamo  bars  coupled.  Fig.  7  gives  a  view  of  three 
such  boards  coupled  in  position  on  the  Japanese  battleship 
"  Shikishima,"  which  carries  three  600-ampere  dynamos  and 
18  circuits,  six  circuits  supplying  incandescent  lights,  four 
projectors,  and  the  remaining  eight,  motors. 

The  battleships  of  the  "  Formidable,"  "  Duncan,"  and 
more  recent  classes  and  the  cruisers  of  the  "  Drake  "  class 
will  carry  four  600-ampere  dynamos,  usually  running  at  400 
revolutions  per  minute,  and  a  large  number  of  circuits,  some 
of  which  will  supply  current  to  powerful  motors.  The  design 
of  switchboard  described  above  appears  to  be  quite  unsuit- 
able for  such  installations. 

The  Cardew  hot-wire  voltmeter  and  the  Siemens  torsion 
spring  ammeter  are  the  instruments  chiefly  to  be  found  on 
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H.M.  ships,  though  these  are  no  longer  standard,  having  been 
replaced  by  dial  instruments  of  the  well-known  Evershed 
pattern.  The  instruments  are  usually  placed  in  close 
proximity  to  the  dynamos,  and  not  upon  the  switchboard. 
Circuit  breakers  are  not  used  in  the  dynamo  circuits  of  our 
navy,  though  double-pole  fuses  are  now  generally  fitted  in  the 
machine  leads. 

The  U.S.  Navy  standard  switchboard  is  planned  with  its 
dynamo  bars  vertical  and  circuit  connections  horizontal, 
and  is  designed-for  parallel  working.  Fig.  8  shows  the  main 
generator  board  fitted  in  the  recent  battleships  "Kearsarge" 
and  "  Kentucky,"  which  each  carry  seven  50  k.w.  dynamos. 
Each  dynamo  bar  is  surmounted  by  its  ammeter  and  main 
throw-over  switch.  A  panel  at  one  end  contains  the  instru- 
ments used  in  common  by  all  the  dynamos.  The  field  ter- 
minals of  the  machines  are  brought  to  the  switchboard, 
where  they  may  be  connected  either  for  self  or  separate 
excitation.  Equaliser  switches  are  fitted  on  a  separate  panel 
in  another  part  of  the  room. 

From  the  main  board  feeders  are  run  to  three  three-wire 
main  distributing  boards  (Fig.  9)  located  respectively  forward, 
aft,  and  amidships,  from  which  the  several  power,  search- 
light and  lighting  circuits  are  run.  Each  of  these  boards 
receives  from  the  main  generator  board  five  cables,  a  pair  of 
"  outers  "  for  lighting,  a  similar  pair  for  power,  and  a  common 
neutral.  Four  sub-distribution  boards  for  groups  of  motors 
are  supplied  from  the  main  distribution  boards. 

A  circuit  breaker  and  a  short-circuiting  switch  for  the 
series  winding  are  carried  by  each  generator  on  the  terminal 
board  from  which  its  main  cables  are  led  (Fig.  5). 

The  electrical  principles  involved  in  this  scheme  of  con- 
nections seem,  in  the  main,  right ;  but  the  multiplication  of 
switchboards  is  a  bad  feature,  which  is  said  to  have  been 
necessitated  by  restrictions  of  space  in  the  ship. 

Electric  Lighting. 

The  first  installation  of  electric  lamps  on  a  warship  was 
put  in  H.M.S.  "  Inflexible"  in  1881.  It  consisted  of  a  set 
of  arc-lamps  run  in  series  from  a  Brush  dynamo  with  glow 
lamps  arranged  18  in  series  on  the  high-tension  mains. 
The   arc-light  has  disappeared.     Modern  war   vessels    are 
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usually  too  much  subdivided  and  have  too  little  headroom 
to  justify  the  use  of  arc-lamps,  although  these  are  again 
becoming  somewhat  common  on  merchant  vessels.  The 
parallel  glow-lamp  system  became  standard  practice  almost 
as  soon  as  it  was  introduced,  and  the  number  of  lamps 
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Fig.  10.— Schedule  of  Electric  Lighting,  H.M.S.  "Albion." 


employed  has  been  steadily  increasing.  Thus,  in  the  battle- 
ship "  Colossus,"  fitted  in  1884,  350  lights  were  installed  ;  in 
the  *'  Blenheim,"  first-class  cruiser  fitted  in  1890,  525  lights 
were  installed  ;  the  "  Majestic  "  class  of  battleships,  fitted  in 
1896,  carry  between  800  and  900  lamps ;  the  "  Albion  "  and 
her  sister  battleships  of  the  ^'  Canopus "  class,  just  com- 
vouxxix.  87 
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pleting,  carry  about  950 ;  the  "  London  "  and  "  Duncan  " 
classes  of  battleships  now  building  will  carry  from  1,000  to 
1,050  lamps,  while  the  first-class  cruisers  of  the  "Drake" 
and  "  Monmouth  "  classes  now  building  will  carry  approxi- 
mately 1,000. 

It  is  usual  to  arrange  the  electric  lamps  in  six  circuits, 
one  circuit  being  exclusively  devoted  to  engine  and  boiler 
rooms,  one  to  magazines,  one  to  the  central  citadel,  one  to 
the  crew  spaces  forward,  one  to  the  cabin  spaces  aft,  and  one 
to  the  stores  and  machinery  rooms  below  the  belt  deck.  It 
is  desirable  to  have  separate  circuits  for  those  portions  of  the 
ship  which  are  protected  by  armour,  rather  than  to  mix  up 
the  lighting  of  protected  and  unprotected  portions,  though 
this  is  by  no  means  generally  done.  A  schedule  showing 
the  arrangement  of  lamps,  fittings,  and  circuits  on  H.M.S. 
"Albion"  is  given  in  Fig.  10.  In  the  U.S.  Navy  the  lamps 
are  arranged  on  two  main  circuits,  known  respectively  as 
the  "battle"  circuit,  which  includes  the  Hghting  of  all  parts 
of  the  ship  occupied  in  action,  and  the  "lighting"  circuit, 
which  includes  those  parts  where  general  illumination  is 
required  for  ordinary  purposes.  Feeders  runnirfg  from  the 
switchboards  connect  to  the  respective  circuit  net  works 
through  junction  boxes.  At  "general quarters"  the  ordinary 
lighting  circuits,  which  include  all  the  exposed  lights  on  the 
upper  decks,  are  disconnected  at  the  switchboards.  This 
arrangement  prevents  stray  light  shining  out-board. 

Lead-covered  cables  and  wires,  first  introduced  into  the 
Japanese  cruiser  "  Naniwa-Kan,"  built  at  Elswick,  are  univer- 
sally used  in  our  navy,  and  the  insulation  is  now  vulcanised 
india-rubber  in  all  cases.  For  single  lamps  a  pair  of  1/16 
wires  are  employed  ;  stranded  wires  which  group  the  sets  of 
lamps  through  fuse-boxes  up  to  the  circuits  are  universally 
composed  of  multiples  of  single  20-wire,  the  standard  sizes 
being  7/20,  11/20,  15/20,  30/20,  60/20,  80/20,  and  150/20; 
while  for  dynamos  and  heavy  motor  circuits  350/20  and 
550/20  are  employed.  The  current  density  is  usually  a  little 
below  1,000  amperes  per  square  inch,  which  ensures  in  the 
lengths  dealt  with  a  very  moderate  voltage  drop.  The 
present  mode  of  fixing  the  wires  and  cables  is  to  attach 
battens  of  teak  to  the  bulkheads  and  to  run  the  wires  side  by 
side  along  the  teak  under  brass  cleats  or  saddles.  Thus  all 
the  wires  are  visible.    According  to  Admiralty  specifications, 
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steel  battens  may  be  used  as  an  alternative  to  .teak,  but  they 
would  be  much  heavier,  and  the  author  is  not  aware  of  any 
ships  so  fitted.    The  introduction  of  these  teak  battens  into 
our  navy  took  place  but  a  few  years  ago,  and  the  step  appears 
to  have  been  quite  a  retrograde  one.     The  employment  of 
wood  allows  of  fewer  holes  being  drilled  in  decks  and  bulk- 
heads than  would  be  otherwise  necessary,  but  the  aggregate 
cost  of  the  wiring  work  is  considerably  enhanced,  useless 
weight  is  worked   into  the  ship,  and   the   danger   of  fire 
increased.    The  Japanese  have  in  their  latest  battleships  had 
the  cables  and  wires  attached  directly  to  the  decks  and  bulk- 
heads, dispensing  with  backings,  except  where  necessary  for 
the  heaviest  runs  or  as  packing  to  carry  heavy  runs  of  the 
larger  cables  over  obstructions  such  as  flanges  of   angle- 
bars,  rows  of  rivet-heads,  and  the  like.     This  makes  a  very 
substantial  and  satisfactory  job.     The  practice  in  the  U.S. 
Navy  very  much  resembles  land  practice.      Lead-covered 
wires  were  employed  at  one  time,  but  it  is  said  that  the 
quality  of  the  lead  and  of  the  insulation  was  such  as  to  give 
trouble,  and  to  cause  them  to  revert  to  the  old  system.     In 
their  latest  ships  they  have  run  braided  wires  in  wood  mould- 
ings in  cabin  spaces,  and  in  iron-pipe  or  conduit  in  machinery 
spaces;  while  in  the  crew  spaces  and  in  some  of  the  fore  and 
aft  runs,  the  wires  are  supported  below  the  decks  on  porce- 
lain insulators,  and  protected  by  thin  iron  guard-plates  put 
over  them.     None  of  these  methods  appears  to  be  so  safe  or 
so  thorough  as  the  British  Admiralty  method  of  lead-covered 
cables  closely  packed  together,  and  visible  and  accessible 
throughout  their  length. 

Watertight  Work. 

Where  the  wires  go  through  watertight  bulkheads  or 
decks,  of  course  the  bulkheads  and  decks  must  be  made 
watertight  behind  them.  Until  recently,  the  method  of 
making  the  cables  watertight  at  the  decks  consisted  in  pro- 
viding a  length  of  iron  tube  lined  with  fibre,  with  a  stuffing 
box  and  gland  at  the  top  end,  by  means  of  which  an  india- 
rubber  packing  was  screwed  down  upon  the  cable;  and 
similar  glands  were  used  where  the  cables  passed  through 
bulkheads.      One   disadvantage    of    this   arrangement    wss 
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that  where  a  number  of  cables  and  wires  had  to  be  dealt 
with,  a  considerable  amount  of  space  was  taken  up  by 
these  pipes  in  order  to  provide  room  for  spanners  to  work 
in  tightening  up  the  nuts.  A  simple,  compact,  and  effective 
method  is  as  follows  :  Two  pieces  of  wrought-iron  plate 
are  drilled  with  holes  slightly  larger  than  the  size  of  the 
cables  that  are  to  go  through  the  bulkhead  ;  similar  blocks 
of  india-rubber  about  half  an  inch  thick  have  holes  formed 
in  them  just  the  neat  size  of  the  cable ;  the  bulkhead  is 
drilled  with  clearing  holes  ;  a  slab  of  rubber  and  an  iron 
plate  are  placed  on  either  side  of  the  bulkhead,  the  cables 
are  drawn  through,  and  then  the  plates  screwed  up  tight. 
By  this  means  pressure  is  put  upon  the  rubber,  which  tends 
to  make  the  holes  through  which  the  cables  pass  smaller,  so 
that  the  cables  are  gripped,  and  the  holes  are  left  water- 
tight. This  arrangement  was  used  by  the  author  through- 
out the  Japanese  battleship  "  Fuji "  both  for  decks  and 
bulkheads.  Fig.  ii  shows  a  grouping  of  cables  through 
such  glands  at  the  watertight  bulkhead  alongside  the 
entrance  of  an  ammunition  passage.  Many  ships  fitted  at 
Portsmouth  have  rubber  packed  plate  glands,  though  these 
are  fitted  only  on  one  side  of  the  bulkhead. 

A  new  arrangement  (Fig.  iia)  was  introduced  by  the 
British  Admiralty  in  1898.  Brass  glands  of  tubular  form 
screwed  to  take  a  nut  at  one  end,  and  having  central  holes, 
previously  tinned,  about  one-eighth  inch  larger  in  diameter 
than  the  cable  intended  to  pass  through,  are  inserted  in  the 
bulkheads  and  made  watertight  on  the  iron  by  means  of  red 
lead.  The  lead-covered  cable  is  drawn  through,  and  its  tape 
stripped  back  to  bare  the  lead  at  the  gland,  a  split  tinned  ferrule 
is  then  inserted  to  fill  the  clearance  space  around  the  cable, 
and  the  whole  is  then  sweated  up  solid  by  means  of  a  blow- 
pipe. This  is  a  rather  tedious  method  until  the  men  get 
accustomed  to  it,  and  there  is  some  danger  of  overheating 
the  insulation  unless  care  is  used ;  once  the  cables  are  tightly 
drawn  through  and  sweated  up,  they  have  a  neat  and  solid 
appearance,  but  they  cannot  be  drawn  back,  and  when 
repairs  become  necessary,  it  seems  likely  that  the  cables 
will  have  to  be  cut,  which  is  a  great  disadvantage. 
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Fig.  1 1  a. — Cable  Work  behind  Switchboard,  showing  Tubular  Watertight  Glands. 
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Distribution  System. 

The  main  circuit  cables  from  the  switchboard  pass,  in 
the  case  of  the  heaviest  circuits,  through  "  junction  boxes," 
into  which  they  split  usually  into  two  branches  protected 
by  fuses.  Each  of  these  branches  then  passes  through  a 
series  of  "section  boxes,"  which  are  circular  watertight 
boxes  containing  a  switch  and  four  pairs  of  terminals  for 
the  attachment  of  fuses  and  the  branching  of  cables.  Each 
of  the  four  pairs  of  cables  running  from  a  section  box 
terminates  in  a  "  distributing  box,"  which  is  a  similar  box 


Fig.  1 2.~  Diagram  of  Admiralty  Distributing  System. 

to  the  section  box  and  contains  fuses  and  a  double-pole 
switch.  From  each  distributing  box  eight  pairs  of  wires 
are  taken,  each  pair  leading  direct  to  the  terminals  of  one 
lamp.  Fig.  12  illustrates  the  arrangement.  As  explained  in 
the  next  section  (p.  544),  no  lampholders,  properly  speak- 
ing, are  employed.  This  "distributing-box  system"  was 
introduced  into  British  warships  about  1892.  It  is  a  modifi- 
cation of  a  method  previously  developed  and  used  in  wiring 
hotels,  blocks  of  mansions,  and  such  like  places.  Its  advan- 
tages are  that  it  enables  the  electric-light  system  to  be 
entirely  laid  out  without  any  joints  or  branches  in  wires, 
thus  dispensing  at  once  with  what  is  usually  an  important 
source  of  trouble.  In  the  event  of  any  part  of  the  system 
becoming  injured,  it  can  at  once  be  switched  off  at  the 
nearest  distributing  or  section  box,  and  the  working  of  the 
system  in  general  is  not  interfered  with.    The  system  allows 
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of  the  work  being  rendered  more  completely  watertight  than 
could  otherwise  be  accomplished.  The  lead  covering  of 
the  wires  is  stripped  back  sufficiently  to  enable  the  wires  to 
enter  the  terminals  in  the  box,  the  lead  is  then  sweated  to 
gland  plates,  which  are  made  watertight  with  red-lead  pack- 
ing. While  there  are  no  single-light  fuses  employed  except 
in  distributing  boxes,  it  is  usual  to  employ  single-light 
switches  placed  close  to  the  fittings  for  all  lights  except 
those  in  crew  spaces  and  magazines,  which  are  controlled 
in  groups. 

Double-wire  lighting  circuits  are  universal.  H.M.S. 
**  Polyphemus  "  was  the  only  British  ship  in  which  single 
wiring  was  employed,  and  this  was  soon  converted.  Con- 
centric systems,  with  or  without  the  outer  conductor  earthed, 
have  been  frequently  advocated  for  warships,  but  they 
do  not  lend  themselves  so  readily  to  the  repair  of  small 
injuries  as  the  twin-wire  circuits  employed. 


Fittings. 

Fig.  13  illustrates  a  typical  Admiralty  watertight  fitting, 
showing  the  method  of  wiring.  The  lead-covered  wires 
are  drawn  through  an  india-rubber  washer  pierced  with  two 
holes,  which  fits  tightly  into  the  neck  of  the  fitting,  thus 
excluding  moisture  ;  the  lead  and  the  insulation  are  then 
stripped  back,  and  the  bare  wires  led  through  holes  in  a  slate 
disc  which  forms  a  separator;  no  lampholder,  properly 
speaking,  is  used,  but  the  ends  of  the  wires  are  turned  back 
with  pliers  to  form  hooks,  and  on  to  these  bottom  loop 
lamps,  having  twisted  spiral  platinum  loops,  are  hung. 
Loop  lamps  are  used  because  they  best  stand  vibration  and 
shock  due  to  gun-fire.  But  this  method  of  wiring  is  capable 
of  considerable  improvement.  If  the  hooks  in  the  wires  are 
not  properly  formed  and  are  not  of  exactly  the  right  length, 
bad  contact  and  sparking  result  and  the  wires  are  burnt.  If 
from  any  reason  the  hooks  get  injured  or  broken  off,  little 
pieces  of  wire  have  to  be  soldered  on,  which  is  not  good. 
It  would  be  much  more  satisfactory  if  the  wires  terminated 
in  fixed  contact  blocks,  and  the  fitting,  wired  complete  and 
provided  with  spring  contact  plungers,  were  then  inde- 
pendently   attached.     In   the    '*  Shikishima,"    combination 
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fittings,  carrying  electric  lamps  and  candles,  were  wired  in 
this  way  by  the  author  with  success,  the  removal  of  four 
fixing  screws  allowing  the  fitting  to  be  bodily  taken  away 
without  disturbing  the  main  wiring. 

Signal  Lights. 

Every  ship,  of  course,  carries  the  ordinary  international 
navigation  lights,  port  side  red,  starboard  side  green,  and 


Fig.  13.— Admiralty  Pattern  Watertight  Bracket. 


mast-head  white,  which  must  be  alight  all  the  while  the 
vessel  is  under  way,  together  with  white  riding  lights,  which 
have  to  burn  when  the  ship  is  at  anchor.  In  British  ships, 
so-called  "position  lanterns,"  two  in  number,  are  carried 
on  the  ensign  staff  when  at  anchor.  In  order  to  pro- 
vide against  failure  of  the  navigating  lights,  the  lanterns 
sometimes  contain  two  lamps  with  an  automatic  switch  for 
throwing  the  second  into  circuit  if  the  first  fails.  This  does 
not,  however,  make  a  good  arrangement,  because  both 
lamps  cannot  be  placed  in  the  focus  on  the  Fresnel  lens, 
and  if  one  is  right  the  other  one  must  be  out  of  position. 
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Tell-tale  alarms  (of  which  there  are  several  kinds)  are  used 
on  some  ships  to  give  warning  if  one  of  the  navigating 
lights  fails.  Fig.  14  shows  the  arrangement  devised  by  the 
author  for  the  "  Fuji  "  and  "  Shikishima."  An  electric  bell  is 
provided  with  a  relay  wound  to  one-tenth  of  an  ohm  and 
carrying  the  full  current  of  the  50  C.P.  lamp  employed,  say 
2^  amperes.  This  relay  magnet  holds  a  spring  contact  out 
of  connection  with  the  bell  circuit  while  the  lamp  current 
is  on.  On  tlie  failure  of  the  lamp  current,  the  spring  con- 
tact completes  the  bell  circuit,  and  the  bell  rings  con- 
tinuously. A  duplex  switch  in  one  watertight  case  switches 
both  lamp  and  bell  circuit  on  together.  A  plug  connection 
is  attached  near  the  lamp  position,  so  that  the  lamp  can  be 
removed  without  disturbing  the  wiring.  The  bell  circuit 
can  be  tested  by  merely  switching  on  with  this  plug  con- 
nection out,  when,  of  course,  the  bell  will  ring  if  all  is  in 
order. 

The  Ardois  lantern  is  largely  used  abr6ad  for  speed 
signalling.  This  lantern,  shown  in  Fig.  15,  is  really  a  double 
lantern,  one  half  having  a  white  Fresnel  lens  and  the  other 
a  ruby  lens,  each  enclosing  a  50  C.P.  lamp.  As  used  by 
the  Japanese,  the  lantern  is  hung  over  a  sheave  from  the 
fore  starboard  yard-arm,  this  sheave  being  surmounted  by  a 
single  lantern  of  similar  design  showing  a  white  light. 
When  the  white  light  in  the  movable  lantern  is  shown  burn- 
ing close  up  to  the  fixed  light  it  means  "  Full  speed  ahead/' 
while  the  red  light  in  this  position  indicates  "  Full  speed 
astern."  If  the  white  light  is  shown  half-way  between  yard- 
arm  and  rail  it  means  "  Half-speed  ahead,"  a  red  light  in 
the  same  position  indicating  '*  Half-speed  astern."  When 
the  movable  light  is  shown  quite  low  down,  it  means  "  Slow 
speed  ahead,"  and  the  red  light  in  the  same  position  "  Slow- 
speed  astern."  The  white  lenses  are  slightly  obscured 
because  it  is  thus  more  easy  to  see  the  two  separate  lights 
when  close  together  than  if  clear  glasses  are  used.  Two 
white  lights  and  a  central  red  one,  in  lanterns  on  the  after- 
bridge  rail,  are  used  for  the  same  purpose,  and  screened  so 
that  the  light  shows  only  astern. 

Among  minor  signals  may  be  mentioned  that  employed 
to  indicate  "Admiral  aboard."  On  British  ships,  three 
lamps  are  hung  respectively  at  the  ends  and  centre  of  the 
after-bridge  rail,  and  one  from  the  military  top  ;  on  Japanese 
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vessels  three  lamps  are  hung  in  triangular  fashion  from  the 
after  military  top.  The  same  three  lanterns  hung  in  various 
positions  are  used  by  the  Japanese  for  other  signals. 

For  general  fleet  signalling,  flashing  lamps  carried  at 
the  truck  of  the  foremast  are  in  fairly  general  use.  They 
are  designed  so  that  any  communication  can  be  effected  by 
the  use  of  the  ordinary  Morse  code  In  one  design 
of  mast-head  lantern  due  to  Captain  Scott,  and  made 
by  Messrs.  Armstrongs,  the  lamps,  which  burn  continu- 
ously,   are    enclosed   in    a    lantern    surrounded    by    two 


Fig.  14.— Navigation  Lights  Alarm,  '*  Fuji  "  and  "  Shikishima.' 


louvre  screens,  one  fixed  and  the  other  movable.  The 
movable  screen  is  attached  to  the  armature  of  an  electro- 
magnet, through  which  currents  are  sent  when  the  signalling 
key  is  depressed.  The  lantern  may  be  arranged  so  that 
openings  in  the  louvres  coincide  and  the  lights  are  visible 
when  everything  is  at  rest,  the  movement  of  the  screen 
cutting  off  the  light  and  thus  representing  the  interval 
between  the  signals,  or  vice  versd.  A  modification  of  the 
Scott  lantern  as  used  by  the  Japanese  is  shown  in  Fig.  16. 
It  consists  essentially  of  two  lanterns,  one  above  the  other, 
the  lower  one  being  enclosed  in  a  ruby  glass  screen.  There 
are  independent  signalling  keys  for  the  two  lanterns,  the 
contacts  of  which  are  shunted  by  a  condenser  and  resistance 
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to  kill  the  sparking.     In  the  figure  the  screen  is  shown  to  a 
larger  scale  for  clearness. 

The   British   mast-head   lantern   is   of  different  design, 


Fig.  15. — Ardois  Lantern. 

the  lamp  current  itself  being  interrupted  by  the  signalling 
key. 

The  United  States  Navy  uses  for  fleet  signalling  four 
Ardois  lanterns,  the  upper  light  in  each  being  red  and  the 
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Fig.  i6. — Double  Mast-head  Plashing  Lantern,  "  Scott "  System. 
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lower,  white.  These  are  suspended  about  lo  or  12  feet  apart 
on  a  couple  of  wire  jackstays  from  the  after-mast.  A 
special  controlling  switch  is  used,  having  sets  of  contacts 
corresponding  one  to  each  possible  combination  of  four 
lights,  the  two  lights  in  one  lantern  never  being  used 
together.  Each  combination  denotes  a  letter  of  the 
alphabet  or  a  figure.  By  moving  the  switch-handle  about 
the  top  dial  of  the  switch  and  depressing  at  the  proper 
contacts,  words  are  spelt  out. 


Searchlights. 

The  searchlight  installation  is  usually  considered  one  of 
the  most  important  sections  of  the  ship's  equipment,  and  use 
was  found  for  searchlights  five  years  before  electricity  was 
used  for  the  general  illumination  of  ships.    The  first  pro- 
jector was  installed  in  1876  in  H.M.S.  "  Minotaur."     It  had  a 
vertical  lamp  burning  square  carbons,  a  parabolic  mirror, 
dioptric  and  diverging  lenses,  and   flashing  screen.  *  The 
lamp  was  hand-fed  and  took  alternating  currents.     In  1878 
the  Siemens  holophote  projector  with  automatic  lamp  was 
tried  on  H.M.S.  "  Triumph  "  ;  and  many  other  forms  of  pro- 
jectors and   lamps  were  experimented  with  between   that 
date  and  1881,  when  the  "  Inflexible"  was  fitted  with  a  Mangin 
projector,  having  a  Mangin  mirror  instead  of  dioptric  lens, 
and  an  inclined  hand-feed  lamp,  current  being  furnished  by 
a  Gramme   dynamo.     The   Mangin   mirror   is   ground   to 
spherical  surfaces,  the    front  and    back    having    different 
radii   of  curvature.      The  parallelism  of   the   beam   is  due 
to   refraction   through   the  thick  glass  between   the   front 
surface  and  the  silver  surface  of  the  back.     This  remained 
standard  in  our  navy  until  about  1893,  when  it  gave  place 
to  the  Parsons  mirror,  which  is  a  thin  parabolic  mirror  of 
high  quality.     The  Mangin  system  is,  however,  in  use  by 
most  foreign  navies.     The  inclined  hand-feed  lamp  is  still 
the  standard  of  the  British  Navy ;   the  carbons  are  tilted 
about  20°  from  the  vertical,  and  the  light  falling  upon  the 
mirror  has  its  maximum  intensity  at  or  near  the  centre  of  the 
mirror.     On  the  Continent  and  in  the  United  States  auto- 
matic horizontal  carbon  lamps  are  coming  into  favour.   The 
crater  of  the  positive  carbon  is,  of  course,  turned  towards 
the  mirror,  the  arrangement  in  this  case  giving  the  maximum 


Digitized  by  LjOOQ  IC 


1900.] 


SHIPS   OF  WAR. 


551 


Digitized  by  LjOOQ  IC 


552  GROVE  :   ELECTRICAL   EQUIPMENT  OF        [April  5th, 

intensity  of  the  light  at  the  outer  edges  of  the  cylindrical 
bean:i.  The  British  War  Office  has  also  adopted  the  hori- 
zontal carbon  lamp  for  its  standard  projectors.  The  ascend- 
ing current  of  air  is  apt  to  displace  the  arc,  which  is  specially 
inconvenient  with  horizontal  carbon  lamps.  To  get  over 
this  difficulty,  the  Schuckert  projector,  Fig.  17,  which  is  the 
standard  in  the  Austrian  Navy,  is  fitted  with  a  soft  iron  ring 
surrounding  the  carbon.  This  ring  becoming  magnetised 
when  the  current  flows  produces  a  magnetic  field  along  its 
axis  in  which  the  carbon  lies,  and  so  keeps  the  arc  in  the 
proper  position. 

It  is  now  becoming  common  practice  by  foreign  nations 
to  operate  searchlights  from  a  distance.  An  obser\'ing  officer 
can  see  the  object  illuminated  very  much  better  if  he  occu- 
pies some  different  position  from  that  of  the  searchlight,  so 
that  he  does  not  have  to  look  along  the  beam.  But  as  he 
must  have  a  means  of  directing  the  light,  it  is  becoming 
common  to  provide  projectors  with  electric  motors,  one  to 
train  and  one  to  elevate  the  projector  barrel,  including  lamp 
and  mirror,  and  also  to  fit  projectors  with  automatic  lamps. 
This  operation  is  specially  advantageous  as  regards  pro- 
jectors fitted  at  the  tops  of  the  military  masts  which  can  be 
conveniently  operated  from  the  bridges.  Fig.  18  shows  a 
Siemens  electrically  controlled  projector  of  this  kind.  It. is 
worked  by  a  combination  switch  consisting  of  two  motor 
starting  switches  mounted  at  right  angles  to  one  another 
and  worked  by  a  single  handle.  The  operation  of  directing 
the  searchlight  is  done  by  moving  the  switch-handle  pre- 
cisely as  if  one  had  hold  of  the  back  of  the  projector  itself. 
The  projector  is  instantly  stopped  upon  a  given  object  by 
bringing  the  handle  to  the  ''off"  position,  which  short- 
circuits  the  motors. 

As  fitted  on  the  bridges  of  ships,  projectors  have  two 
positions,  a  working  position  right  out,  and  a  stowing  posi- 
tion in  board.  At  the  stowing  position  they  are  secured  by 
chains  and  turn-buckles  to  anchor-plates  in  the  deck ;  in  the 
working  position  they  are  secured  by  a  small  eccentric 
motion,  worked  by  a  hand-lever,  which  lifts  the  projector 
base  slightly  from  its  trolley  wheels  and  jambs  it  on  to  the 
underside  of  a  flange  in  the  rail  on  which  the  projector 
runs. 

Searchlights  are  used  a  good  deal  now  for  long-distance 
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signalling,  and  veiy  great  distances  indeed  have  been  covered. 
The  common  way  is  to  make  use  of  a  round  disc  suspended 
on  a  spindle  running  through  the  projector  barrel  between 
the  lamp  and  the  mirror,  and  vibrating  this  disc  by  means 
of  a  small  lever  handle  on  the  spindle.  The  arrangement  is 
seen  in  Fig.  i8.  In  some  recent  foreign  projectors  a  flashing 
screen,  resembling  somewhat  a  Venetian  blind  with  the 
laths  vertical,  has  been  fitted  in  front  of  the  front  glass  ;  the 
laths  are  linked  together,  and  their  movement  from  the 
position  in  which  the  full  light  is  shown  to  that  in  which  all 
the  light  is  cut  off,  is  controlled  by  a  small  lever-handle 
mounted  at  the  side. 


Voice-Pipe  and  Bell  Communication. 

The  problem  of  maintaining  communication  between 
the  several  compartments,  cabins,  and  military  positions  in 
a  warship  is  not  less  important  than  the  problem  of  main- 
taining general  illumination,  but  it  is  far  less  successfully 
solved.  As  regards  the  communications  between  officers  in 
their  cabins  and  their  subordinates  and  sentries,  a  simple 
system  of  bell  signals  with  annunciators  or  "  shutters  "  is  all 
that  is  required  ;  but  communications  between  the  navi- 
gating officers  on  the  bridge  and  the  engine  rooms,  and 
between  combatant  officers  in  the  conning  tower  and  the 
gun  and  torpedo  stations,  for  example,  may.  often  be  of  a 
much  more  complex  and  special  character  than  can  be 
easily  given  by  a  simple  code  of  bell  signals.  Beyond  a 
certain  point,  means  of  verbal  or  telegraphic  communica- 
tion becomes  necessary.  Such  communications  in  our  navy 
are  effected  by  speaking  through  copper  voice-pipes  of 
2-inch  diameter,  fitted  with  whistles  or  electric  bells,  pushes, 
and  shutters,  the  latter  serving  merely  to  direct  attention  to 
the  voice-pipe.  These  electric-bell  communications  are 
very  extensive  in  a  modern  ship,  the  number  of  points  from 
which  verbal  messages  can  be  sent  or  received  being  about 
IDG  in  the  battleships  of  our  '*  Majestic"  class  and  about  140 
in  the  "  Canopus  "  class.  A  greater  elaboration,  however,  than 
in  any  other  ships  afloat  was  affected  in  the  Japanese  battle- 
ships "  Fuji  "  and  "  Yashima,"  which  were  equipped  with  as 
many  as  256  electrically  connected  speaking  points,  in  addi- 
tion  to  44  cabin  bell-push  points. 
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Fig.  1 8a. — Siemens  Automatic  Projector. 
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Fig.  1 86. — Siemens  Automatic  Projector. 
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The  connections  between  stations  are  effected  by  four-core 
cable,  the  conductors  being  1/16,  separately  insulated  with 
rubber,  and  covered  with  different  coloured  cotton  coverings 
to  facilitate  making  and  tracing  connections.  The  electrical 
connections  of  a  pair  of  instruments  are  given  in  Fig.  19. 
When,  as  is  usual,  several  pipes  and  instruments  occur  at  the 
same  station,  all  the  branching  and  jointing  is  done  in  terminal 
boxes.    One  bell  is  usually  lilted  common  to  the  group,  and 


Fig.  i8r. — Siemens  Automatic  Projector. 


one  six-cell  battery  supplies  several  groups,  the  connec- 
tions being  made  through  suitable  battery  terminal  boxes. 
The  whole  system  is  watertight,  and  no  jointing  of  wires  is 
done  outside  boxes. 

The  problem  of  communication  is,  however,  not  solved 
by  the  present  arrangements,  the  difficulty  being  that  when 
the  electric  bells  have  done  their  dutv,  and  the  officers  who 
wish  to  communicate  are  at  the  opposite  ends  of  the  voice- 
tube,  there  is  often  so  much  extraneous  noise  that  it  is 
impossible  for  them  to  hear  one  another.     It  has  been  usual 
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in  recent  years  carefully  to  insulate  the  tubes  from  the  main 
structure  of  the  ship,  so  that  they  shall  not  pick  up  sounds 
by  conduction,  and  the  device  has  been  employed  of  leading 
the  speaking-tubes  to  about  six  exchange  stations  where 
messages  are  received  and  transmitted,  so  that  the  length  of 
tube  spoken  through  between  point  and  point  is  reduced 
to  the  smallest  limits.  The  transmission  of  messages  at 
exchange  stations,  however,  introduces  delay  and  sometimes 
error. 


Telephones. 

The  failure  of  voice-tubes  has  given    telephones   their 
opportunity,   the   speaking    qualities    of    the    latter    being 
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Fig.  19. — Voice-pipe  Bell  Instruments,  diagram  of  connections. 

practically  independent  of  distance.  Among  the  earliest  to 
use  telephones  on  warships  were  Russia  and  America.  One 
of  the  best  forms  of  naval  telephone,  and  one  that  is  now 
being  largely  used,  not  merely  by  the  British,  but  by  many 
other  navies,  is  Alfred  Graham's.  It  is  a  loud-speaking 
instrument,  the  transmitter  taking  the  current  of  four  or  six 
large  agglomerate  Leclanch6  cells,  and  operating  w^ithout  an 
induction  coil.  The  transmitter  is  of  granular  type,  enclosed 
in  a  watertight  case.  It  is  turned  half-round  every  time  the 
telephone  is  used  by  the  switch  which  puts  the  line  connec- 
tions from  "ringing"  to  "speaking."  In  spite  of  the  large 
power  employed  there  is  no  hissing.  The  receiver  is  con- 
tained in  the  same  case.  A  considerable  number  of  British 
battleships  and  cruisers  are  fitted  with  voice-tubes  and  bells 
between  the  port-engine  room  and  the  bridges  and  conning 
towers,  and  with  these  telephones  between  the  starboard 
engine-room  and  the    bridges   and    conning    towers,   the 
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intention  apparently  being  to  gain  extensive  experience  of 
the  relative  efficiency  of  voice-tubes  and  telephones  under 
identical  conditions.  Telephone  connections  in  a  typical 
case  are  shown  in  Fig.  20.  The  most  advanced  instance  of 
naval  telephones  yet  fitted  is  to  be  found  in  H.M.  new  yacht 
"  Victoria  and  Albert,"  which  has  a  large  telephone  installa- 
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Fig.  20,— Graham's  Loud-Speaking  Telephone,  connections. 

tion.   Trials  are  also  being  made  of  the  applicability  of  these 
telephones  to  communications  between  casements. 

It  would  appear,  however,  that  during  actual  warfare, 
amid  the  noise  and  rattle  of  quick-firing  guns,  any  instru- 
ment that  depends  upon  the  transmission  of  the  human 
voice  must  fail.  It  is  reported  that  in  the  battle  of  Santiago 
the  Americans   found   their  telephones   useless.     Unless  a 
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large  number  of  men  are  to  be  told  off  as  messengers  to 
carry  orders,  what  seems  to  be  wanted  is  a  system  of  printing 
telegraphs,  the  instruments  being  of  a  not  too  sensitive 
character,  so  that  they  Qould  work  without  giving  false 
signals  due  to  vibration  and  shock,  the  general  design  of  the 
instrument  being  somewhat  after  the  fashion  of  that  used 
by  the  Exchange  Telegraph  Company,  printing  in  ordinary 
Roman  letters.     Such  an  instrument  would  have  a  relatively 
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Fig.  21.— Torpedo-Firing  Circuit. 


slow  speed  of  action,  but  its  result  would  be  more  positive, 
inasmuch  as  the  message  could  be  read  by  a  person  without 
a  telegraphic  training,  and  if  by  chance  a  false  letter  were 
printed,  it  would  not  necessarily  prevent  the  word  from 
being  recognised.  Probably  its  speed — twelve  to  twenty 
words  a  minute — is  as  quick,  all  things  considered,  as  the 
average  voice-pipe  communication  now.  Of  course, 
messages  making  inquiries  or  giving  instructions  in  accord- 
ance with  understood  requirements  could  be  transmitted  by 
abbreviated  signals. 
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Before  leaving  the  subject  of  communications,  it 
may  be  mentioned  that  steps  are  being  taken  to  intro- 
duce into  the  navy  the  "  Sullivan "  galvanometer  for 
enabling  ships  at  sea  to  speak,  with  the  land  through 
ordinary  submarine  cables.  There  is  some  prospect  also 
that  warships  will  make  general  use  of  the  Marconi  tele- 
graphic apparatus  for  fleet  and  ship-to-shore  communications. 
This  apparatus  proved  very  useful  in  the  1889  manoeuvres, 
and  equipments  have  since  been  supplied  to  some  of  the 
battleships  of  the  Channel  Squadron. 

Among  internal  bell  communications  may  also  be 
mentioned  alarms  connected  with  thermometers  for  calling 
attention  to  the  attainment  of  certain  temperatures  in 
magazines,  coal  bunkers,  etc.     The  arrangement  is  obvious. 

Gun  and  Torpedo  Work. 

Electricity  is  an  indispensable  adjunct  to  the  armament 
of  a  man-of-war,  being  invariably  used  for  discharging 
torpedoes  and  for  firing  modern  breech-loading  guns  of  all 
sizes. 

While  all  other  circuits  in  the  ship  are  twin-wired,  gun 
and  torpedo  circuits  are  now  universally  single-wired.  The 
following  are  the  arrangements  used  in  connection  with 
Elswick  equipments. 

Torpedo-firing  Circuits. 

Two  batteries,  one  (A)  of  low,  and  one  (B)  of  high  resist- 
ance, are  connected  with  their  positive  poles  towards  one 
another  as  shown  in  Fig.  21.  The  firing  key  and  detector 
are  fitted  in  the  conning  tower,  from  which  the  discharge 
of  the  torpedo  is  controlled.  The  torpedo  is  placed  in  the 
tube,  the  sluice-valve  at  the  outer  aperture  of  the  tube  being 
closed.  The  valve  being  closed,  the  firing  circuit  is  open. 
The  circuit  is  then  "proved"  by  inserting  a  primer  in  the 
firing  breech,  when  current  flows  from  battery  B,  causing 
the  sounder  in  the  torpedo  room  to  start  buzzing,  thus 
indicating  that  all  is  right.  The  primer  is  then  removed  and 
the  sluice-valve  opened,  thus  making  contact  at  F,  and  com- 
pleting the  circuit  through  E,  B,  F,  A,  E,  the  two  batteries 
being  in  opposition.     The  detector  needle  in  the  conning 
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tower  deflects  to  the  left,  indicating  "valve  open."  The 
firing  charge  is  inserted  in  the  discharge  chamber,  the 
primer  restored  and  the  breech  locked.  Current  from 
battery  A  through  the  high-resistance  detector  then  flows  in 
unison  with  that  from  battery  B  in  the  circuit  E,  A,  F,  P,  E, 
reversing  the  deflection  of  the  detector  and  indicating 
"  ready."     The  oflicer  in  the  conning  tower  at  the  proper 


OUM    roiNT  OWN  MINT 

Fig.  22.— Gun-Firing  Circuit. 


moment  depresses  his  firing  key,  the  two  batteries  send 
their  full  volume  of  current  through  the  firing  circuit  in 
parallel,  the  fuse  is  ignited  and  the  torpedo  discharged. 


Gun-firing  Circuits. 

These  a  few  years  ago  involved  a  formidable  amount  of  wiring, 
as  the  circuits  from  all  the  barbette  and  casemate  guns  were 
looped  into  the  conning  tower,  where  the  firing  keys  were 
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situated.  The  practice  now  is  to  fire  all  guns  on  short  local 
circuits,  the  batteries,  switches,  keys,  etc.  being  carried  on 
the  gun  mountings.  Fig.  22  shows  the  connections  for  a 
pair  of  Armstrong  barbette  guns.  Following  out  the  main 
(full  line)  circuit,  it  will  be  seen  that  if  switches  Si,  Sa  are 
closed  and  S3  open,  the  left-hand  pistol  will  fire  the  left  gun 
and  the  right-hand  pistol  the  right  gun.  If  switch  Sj  is  open 
and  Sa.  S3  closed,  the  left  pistol  fires  the  right  gun  ;  while  if 
Sa  is  open  and  Si,  S3  closed,  the  right  pistol  fires  the  left  gun. 
Finally,  if  all  the  switches  are  closed,  both  guns  can  be  fired 
simultaneously  from  either  side.  An  auxiliary  circuit,  shown 
in  dotted  lines,  is  fitted  up  as  a  stand-by  to  the  main  firing 
circuit.  The  latter  is  completed  only  when  the  gun  is 
"  right  out "  ;  the  auxiliary  circuit  can  fire  with  the  gun  in 
any  position.  The  use  of  the  sounders  will  be  evident,  as 
they  buzz  all  the  time  the  circuit  is  made.  Whereas  the 
firing  pistols  are  usually  fixed  at  the  firing  platform,  the 
McEvoy  keys,  connected  by  flexible  connections,  enable  the 
gunner  to  fire  from  any  position. 

Range  Finders. 

These  are  sometimes  electrical.  That  used  by  the  United 
States  Navy,  invented  by  Lieut.  Fiske,  is  based  upon  the  Wheat- 
stone  bridge  principle.  Two  telescopes  (Fig.  23)  are  mounted 
so  as  to  move  over  graduated  arcs.  In  gear  with  the  trains  of 
movement  are  cylinders  wound  with  resistance  wire.  When 
the  telescopes  are  parallel,  these  resistances  form  balanced 
arms  of  a  Wheatstone  bridge.  When  the  telescopes  are 
trained  so  as  to  bring  a  distant  object  into  the  field  of  both 
simultaneously,  the  electrical  balance  is  upset  and  current 
flows  in  the  galvanometer  to  an  extent  depending  upon  the 
arc  of  training,  which  is  a  trigonometrical  function  of  the 
distance  of  the  object  from  the  centre  of  the  base  line  con- 
necting the  two  telescopes.  The  base  line  should  be  as  long 
as  possible,  whence  one  instrument  is  usually  mounted  on 
the  forward  bridge  and  one  aft,  the  galvanometer  being  in 
the  conning  tower  where  the  firing  keys  are  placed.  It  is 
necessary  to  know  this  base  line  with  great  accuracy,  or 
errors  creep  into  the  range.  Further,  three  observers  are 
necessary,  who  must  be  connected  with  each  other  by 
telephone.    The  method  is  a  delicate  one,  and  the  difficulty 
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of  making  the  necessary  adjustments,  taken  in  conjunction 
with  the  difficulty  of  using  the  telephones  during  gun-firing, 
led,  it  is  said,  to  the  abandonment  of  the  apparatus  by  the 
vessels  engaged  in  the  war  with  Spain,  who  found  it  easier 
to  get  the  ranges  by  trial  shots. 

The  range-finder  used  in  the  British  Navy,  and  which 
has  also' been  supplied  to  most  foreign  navies,  is  that  of  Barr 
and  Stroud.  It  is  designed  for  use  by  a  single  observer,  but 
being  a  purely  optical  instrument  does  not  call  for  detailed 
description  here.^ 

The   ranges   having   been   found,   the   next    step   is   to 
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Fig.  23.— Diagram,  "  Fiske  "  Range  Finder. 

transmit  them  to  the  various  gun-stations.  For  this  pur- 
pose Drs.  Barr  and  Stroud  have  invented  a  system  of 
Range  and  Order  Telegraphs  for  indicating  simultaneously 
at  any  number  of  stations  the  range  of  a  given  object, 
together  with  information  as  to  the  guns  which  can  be 
brought  to  bear  upon  it,  and  orders  as  to  firing.  Figs.  24 
and  25  show  the  general  appearance  of  a  set  of  such  in- 
struments supplied  to  the  Japanese,  who  are  adopting  them 
generally.  The  British  Admiralty  have  them  on  trial.  As 
fitted  in  the  ship,  a  single  transmitter  near  the  range-finder 
position  gives  the  range  upon  a  receiver  in  the  conning 
tower.     Adjacent   to  this    receiver  are  two  double  trans- 

'  It  is  described  in  the  Proc,  I  fist.  Mcch,  Eng.^  January,  1896. 
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mitters  for  sending  orders  and  ranges  to  the  several  case- 
mates or  to  the  barbettes,  the  receivers  at  which  stations 
are  grouped  upon  two  main  circuits,  with  bells  which  ring  at 
every  fresh  signal  received.  The  transmitters  and  receivers 
consist  of  clockwork  mechanisms  actuating,  under  electrical 
control,  the  movements  of  pointers  over  dial  faces,  on 
which  figures  representing  ranges  and  symbols  indicating 
orders  are  inscribed.  The  transmitter  has  an  outside  handle 
moving  about  the  centre  of  the  instrument.  To  transmit 
an  order,  this  handle  is  moved  until  its  index  pointer  is 
over  the  required  symbol.  On  moving,  it  puts,  current, 
obtained  by  transformation  from  the  lighting  mains,  into 
a  small  apparatus  which  starts  an  inside  pointer  following 
the  outside  index  pointer.  While  this  is  moving,  currents 
are  being  transmitted  to  the  receivers  at  the  distant  stations 
and  the  whole  of  the  pointers  are  set  in  motion.  They  all 
stop  together  over  the  symbol  under  the  index  pointer  of 
the  transmitter. 

Being  clockwork,  the  instruments  have,  of  course,  to  be 
wound  up  periodically. 


Navigation  Instruments. 
(i)  Engiiic-rooni  Telegraphs  and  Helm  Indicators. 

An  electric  system  of  engine-room  reply  telegraphs 
worked  out  by  Messrs.  Richards  &  Evershed  was  fitted  in 
H.M.S.  ''Howe"  and  "Narcissus"  in  1893,  to  H.M.S. 
''  Royal  Sovereign  "  in  1896,  and  since  then  in  other  British 
war  vessels. 

The  indicating  instruments  have  the  appearance  common 
to  mechanical  telegraphs,  the  dials  being  marked  to  show 
the  usual  direction  orders  "  Stop,"  "  Slow,"  ''  Half "  and 
"  Full,"  "  Ahead  "  or  "  Astern."  The  revolution  of  the  indi- 
cating hand  is  effected  by  the  combined  operation  of  two 
electro-magnets  (see  Fig.  i6)  placed  at  right  angles  to  one 
another,  and  producing  between  them  a  cross  magnetic 
field,  within  which  lies  a  magnet  with  which  the  indicating 
needle  is  geared.  The  position  of  the  needle  depends  solely 
on  the  relative  strength  of  these  two  field  components,  and 
this  depends  on  the  ratio  of  the  current  in  the  two  coils. 
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Fk;.  25. — A  Group  of  Range  and  Order  Telegraph  Instruments. 


Fig.  24.— Barr  &  Stroud's  Range  and  Order  Telegraphs.  (^/-w/-w(jTp 
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This  ratio  i^  controlled  by  the  "  transmitter/'  which  consists 
of  a  multiple  contact  switch,  through  which  the  ordinary  80- 
volt  electric  light  circuit  is  connected  to  a  pair  of  ratio 
arms  included  in  the  same  circuit  as  the  coils  of  the  indi- 
cator ;  the  movement  of  the  transmitter  switches  resistance 
out  of  one  arm  into  the  other,  thus  altering  the  relative 
value  of  the  current  strength  in  them,  and  controlling  the 
movements  of  the  indicator.  An  important  detail  is  that 
the  action  does  not  depend  on  the  absolute  value  of  the 
currents  in  the  indicator  coils,  but  only  upon  their  relative 
value,  so  that  a  constant  voltage  is  unnecessary. 

A  similar  indicating  instrument,  graduated  in  degrees,  is 
used  for  showing,  at  the  several  navigating  stations,  the 
angle  made  by  the  rudder  ;  the  transmitter  switch  in  this 
case  being  automatically  worked  from  the  rudder  crosshead 
(Fig.  27).  By  means  of  switches  these  telegraphs  can  be 
arranged  to  signal  from  any  of  several  working  positions  ; 
bridges  and  conning  towers  to  wit.  Transmitters  send 
orders  from  any  of  these  stations  to  a  common  receiving 
instrument  in  the  steerage  flat. 

(2)  Engine-room  Indicators. 

A  system  for  showing  simultaneously  in  the  bridge  posi- 
tions, conning  towers,  and  other  navigating  stations,  the 
revolutions  of  each  set  of  engines,  and  for  indicating  in 
each  engine-room  the  revolutions  made  not  only  by  the  set 
of  engines  in  that  room,  but  also  by  the  set  in  the  other 
room,  is  of  great  value.  Such  a  system  has  been  worked 
out  by  Signor  P.  Molinari,  and  has  been  adopted  through- 
out the  Italian  Navy,  and  is  also  used  on  warships  of  other 
countries.  The  indicating  instruments  (F'ig.  28)  are  direct 
reading  in  revolutions  per  minute.  They  are  clockwork 
instruments,  kept  in  synchronism  by  a  standard  clock. 
This  standard  clock  has  a  commutator  within  it  which 
sends  current  for  20  seconds  into  the  coils  of  an  electro- 
magnet in  the  indicating  instruments,  then  breaks  it  for  4 
seconds,  re-establishes  it  for  another  20  seconds,  and  so  on. 
While  this  current  is  on,  the  electro-magnet  holds  a  detent 
which  allows  an  escapement  motion  to  drive  the  indicating 
hand  over  the  dial.  Correcting  currents  sent  by  a  revolving 
contact-maker  driven  by  a  friction  wheel  from  the  propeller 
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shaft  of  the  engine  at  the  rate  of  three  per  revolution  are 
received  in  separate  electro-magnet  coils  in  the  instrument, 
and  while  the  main  current,  controlled  by  the  standard 
clock,  is  disturbed  for  the  4-second  interval  mentioned,  the 
correcting  currents  drive  the  indicating  needle  forward  or 
pull  it  backward  according  as  the  average  rate  of  revolution 
of  the  engines  has  been  less  or  greater  than  that  shown  at 
the  moment  on  the  dial  of  the  instrument.     A  galvanometer 


Fig.  28.  — Molinari's  Engine  Revolution  Indicators. 

tell-tale  for  indicating  "ahead"  or  "astern"  is  fixed  in  the 
bottom  of  the  indicator  case,  and  receives  current  from  what 
is  called  by  the  inventor  an  "  alternator,"  driven  from  the 
shaft  in  one  direction  or  the  other  according  as  the  ship  is 
going  ahead  or  astern.  When  no  current  passes  at  all  the 
needle  takes  the  mid  position  and  indicates  "  stop." 
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PART    11. 

MACHINERY  AND  POWER  DISTRIBUTION. 

The  machifiery  of  a  modern  ship  of  war  consists  of — 
(a)  Main  Propelling  Machinery,  consisting  of  high-speed 
steam  engines  and  high-pressure  boilers.  From  the  figures 
given  by  Sir  William  White  at  the  1899  meeting  of  the 
British  Association  at  Dover  as  to  the  output  and  efficiency 
of  this  class  of  machinery  for  a  given  weight,  and  from 
calculations  made  by  Mr.  Alexander  Siemens  as  to  the 
weight  of  accumulators  required  to  perform  the  same 
work,  there  is  no  difficulty  in  concluding  that  electricity 
will  have  no  place  for  many  a  long  day  in  the  propulsion 
of  large  ships.' 

(ft)  Auxiliary  Machinery.  ♦This  general  title  covers  a 
variety  of  machines  whose  functions  fall  into  three  prin- 
cipal classes. 

(i)  Those  which  co-operate  with  the  main  engines 
and  boilers  in  the  propulsion  of  the  ship  ;  e.g.,  boiler 
feed-pumps,  air  and  circulating  pumps  for  condensers, 
fans  for  producing  pressure  in  the  stokeholds  or 
furnace -blowing  engines  for  working  at  "forced 
draught,"  steering  engines,  capstans  for  raising  anchors, 
etc. 

(2)  Functions  relating  to  the  operation  of  the  ship 
as  a  fighting  machine  ;  e.g.y  engines  for  moving  turrets 
and  for  elevating  and  loading  guns,  hoists  for  raising 


*  *'  With  modern  twin-screw  engines  and  high  steam  pressure  each  ton 
weight  produced  from  6  to  7  horse-power." — Sir  William  White,  loc.  cit., 
Engineer ingy  Ixviii.  341. 

**A  6,000-ton  ship  propelled  by  8,000  I.H.P.  will  take  about  150  hours 
to  cross  the  ocean,  equal  to  1,200,000  horse-power  hours.  Fairly  efiicient 
accumulators  give  about  10  watt  hours  per  i  lb.  of  their  weight,  so  that  a 
horse-power  hour  can  be  obtained  for  75  lbs.  of  accumulators.  The  ship  in 
question  would  therefore  have  to  load  at)out  40,000  tons  of  accumulators  for 
the  trip  across  the  Atlantic." — A.  Siemens,  loc.  cit.,  Journal  Soc.  Arts^ 
xlvii.  820. 

In  other  words,  for  150  hours  steaming,  i  horse-power  is  produced  from 
5  tons  of  accumulators ;  hence,  neglecting  weight  of  electric  motors  and 
accessories,  electric  propulsion  is  inferior  to  steam  propulsion  on  the  score 
of  weight  in  the  ratio  of  at  least  i  :  30.— Author. 
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ammunition,  compressors  for  the  supply  of  air  under 
pressure  to  torpedoes,  etc. 

(3)  Domestic  functions ;  cg,^  dynamos  for  lighting 
and  fans  for  ventilating  the  ship,  refrigerating  plants 
for  preserving  food,  pumping  service  for  fire,  bilge 
drainage,  supplying  fresh  water  and  the  like,  hoisting 
machinery  for  lowering  and  picking  up  boats,  etc. 

In  all,  a  first-class  battleship  carries  nearly  100  sets  of 
machinery,  and  a  first-class  cruiser  50  to  70  sets.  Until 
a  few  years  ago  the  whole  of  these  auxiliaries  were  steam- 
driven,  with  the  exception  of  the  gun-working  machines, 
for  which  hydraulic  power  has  long  been  preferred.  By 
degrees  electric  driving  has  been  applied  to  one  and  another, 
the  most  ''advanced"  examples  being  the  U.S.  battleship 
"Kearsarge"  just  completed,  w-hich  carries  55  motors  and 
a  generating  plant  of  350-kilowatt  capacity.  More  has 
been  written  and  said,  both  in  Europe  and  America,  within 
the  last  two  or  three  years  on  this  section  of  the  subject 
than  perhaps  on  any  other,  some  persons  roundly  asserting 
that  the  time  has  come  for  driving  all  auxiliaries  by  elec- 
tricity, while  others  are  sceptical  as  to  the  desirability  of 
employing  electricity  at  all  except  for  lighting  and  bells. 
Between  these  two  extreme  views,  opinions  exist  of  every 
intermediate  grade. 

Electricity  as  a  motive  power  is  now  so  commonly  used 
on  land  that  the  charge  against  Naval  Administrations  in 
general,  and  the  British  Admiralty  in  particular,  that  they 
do  not  sufficiently  avail  themselves  of  this  new  mode  of 
transmitting  energy,  is  repeated  with  monotonous  regularity 
by  writers  on  the  subject.  It  must,  however,  be  remembered 
that  it  takes  about  three  years  to  build  and  equip  a  large 
warship ;  if  any  novelty  has  been  introduced  in  the  design 
of  the  ship,  it  is  not  unreasonable  to  allow  a  year  for  trial 
of  the  novelty  at  sea,  whence  it  follows  that  the  experience 
available  to  naval  designers  to-day  is  that  of  the  methods 
of  four  years  ago.  Now  in  electrical  development  four 
years  is  a  long  time,  and  thus  it  is  evident  that,  judged  by 
the  standards  of  present-day  land  practice,  naval  designers 
would  appear  to  be  several  years  more  backward  than  they 
really  are. 

The  conditions  under  which  auxiliary  machinery  works 
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on  board  a  warship  are  of  a  very  special  kind,  requiring 
motors  of  special  design  to  meet  them  successfully.  Thus, 
a  glance  at  diagram  No.  29  shows  that  auxiliary  machines 
are  located  all  over  the  ship.  Boat  hoists  and  ash  hoists 
are  located  on  the  upper  and  boat  decks,  exposed  to  all 
conditions  of  sea  and  weather.  Motors  in  barbettes  and 
turrets,  fans  in  ventilating  trunks,  and  (sometimes)  capstan 
engines  are  liable  to  be  drenched  with  water  by  seas  shipped, 
or  at  least  to  suffer  from  the  effects  of  spray  ;  the  machines 
on  the  upper  decks  get  covered  with  grit  when  coaling, 
while  machines  working  in  machinery  compartments  below 
decks  have  to  endure  high  temperatures  for  prolonged 
periods.  All,  wherever  situated,  have  to  be  able  to  with- 
stand rough  usage,  and  are  liable  to  be  left  idle  for  long 
periods  when  the  ship  is  out  of  commission.  The  mention 
of  these  difficulties  suggests  that,  with  very  few  exceptions, 
electric  motors  used  on  board  ship  should  be  of  enclosed 
watertight  and  dust-tight  type,  of  extra  strong  mechanical 
construction  to  stand  overloading,  and  arranged  with  long 
bearings  and  good  automatic  lubrication,  so  as  to  run  for 
long  periods  with  no  attention  at  all ;  they  should  also  be 
designed  to  work  sparklessly  with  constant  lead  for  all  loads, 
so  that  the  brushes  are  fixed  ;  and  moreover,  the  brush  gear 
must  be  so  designed  that  the  brushes  do  not  jump  off  the 
commutator  if  the  machine  is  exposed  to  external  vibration  ; 
the  motors  should  nm  for  normal  periods  with  moderate 
temperature  rise  (the  rise  permissible  depends  on  what  is 
called  the  "  normal  period  "  of  running,  and  will  be  different 
in  such  cases,  for  example,  as  electric  ventilating  fans,  which 
ought  to  be  able  to  run  for  two  or  three  weeks  on  end,  and 
capstan  motors  or  boat-hoist  motors,  which  in  normal 
circumstances  would  work  less  than  an  hour  at  a  time). 
The  switchgear  should  be  of  massive  construction,  and 
should  be  an  engineering  apparatus,  as  substantial  as  a 
stop  valve  or  a  starting  lever. 

It  cannot  be  said  that  all  these  requirements  could  have 
been  met  by  the  general  run  of  electric  motors  produced 
four  or  five  years  ago,  but  they  can  all  be  met  to-day. 
Cases,  unfortunately,  have  occurred  in  which  motors  ful- 
filling none  of  the  above  conditions  have  been  put  on 
board  ship.  The  cheap  stock  motor,  suitable  only  for  dry 
situations  on  land  with  good  foundations,  and   requiring 
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careful  attention,  has  been  installed  and  sent  to  sea.  When, 
as  is  inevitable,  such  motors  fail,  the  report  sent  in  is  less 
likely  to  be  to  the  effect  that  "This  particular  motor  is 
unsuitable  "  as  that  "  Electricity  is  not  adapted  to  this  class 
of  work." 

The  modern  traction  type  of  motor  best  meets,  on  the 
whole,  the  requirements  laid  down  as  necessary  for  ship 
work,  and  the  conditions  under  which  it  actually  works  on 
land  are  as  bad,  if  not  worse  ;  yet  the  accumulating  experi- 
ence of  the  world  that  such  motors  will  endure  the  very 
roughest  usage,  makes  it  unnecessary  to  argue  further  that 
enclosed  motors  can  be  built,  of  moderate  weight  and  cost 
in  relation  to  output,  that  will  leave  nothing  to  be  desired 
on  the  ground  of  reliability. 

Reliability  being  the  first  consideration,  the  next  in 
importance  is  simplicity  iti  operation,  combined  with  ease 
of  inspection  and  repair.  An  electro-motor  is  a  simpler 
machine  to  operate  than  a  steam  or  hydraulic  engine.  It 
has  fewer  working  parts  requiring  attention.  Indeed,  if 
only  attention  is  given  to  supplying  the  bearings  with  oil 
and  to  cleaning  the  commutators  periodically,  there  is 
nothing  else  for  an  attendant  to  do.  Also  a  motor  is 
cleaner  in  operation  ;  it  is  not  necessary  to  drain  out  a  pipe 
full  of  water  before  it  will  start,  and  not  only  is  the  mess 
due  to  the  absence  of  drainage  water  saved,  but  there  is  the 
advantage  that  the  motor  can  be  started  instantly. 

Cables  for  motors  may,  in  like  manner,  be  held  to  be  a 
simpler  means  of  transmission  than  steam  or  hydraulic 
pipes  ;  they  are  more  easily  led  about,  weigh  less,  and  take 
up  less  room  than  pipes  capable  of  conveying  an  equivalent 
power,  and  they  interfere  less  with  the  structure  and  dis- 
position of  space  in  the  ship.  It  has  been  objected  against 
them  that  faults  in  cables  are  not  so  easily  found  as  in  the 
case  of  steam-pipes,  but  if  the  cables  are  originally  water- 
tight and  are  led  about  the  ship  from  point-to-point  junction 
or  fuse  boxes,  it  is  not  difficult  to  isolate  the  sections  one  at 
a  time  and  locate  the  fault  rapidly.  If  a  fault  exists,  when  it 
is  found  it  can  be  repaired  much  more  expeditiously  thai: 
a  leaky  joint  or  other  fault  in  pipes  can  be,  especially  steam- 
pipes,  which  have  to  be  allowed  a  long  time  to  get  cool 
before  they  can  be  handled.  Further,  if  it  is  not  convenient 
to  repair  a  cable  fault  immediately,  a  temporary  length  of 
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cable,  not  necessarily  of  the  same  size,  can  be  run  in  and 
the  faulty  section  disconnected  ;  this  cannot  be  done  with 
pipe  systems  of  distribution. 

American  writers  point  out  two  other  disadvantages 
attending  the  use  of  steam-pipe  systems  of  distribution — 
(a)  that  the  steam-pipes  heat  the  living  spaces  to  an  uncom- 
fortable extent,  (6)  that  pipes  exposed  to  the  effects  of  shot 
and  shell  are  Hkely  to  be  injured  in  action,  and  to  lead  to 
the  demoralisation  of  the  guns'  crews.  Neither  of  these 
considerations  apply  to  modern  British  ships.  Steam-pipes 
do  not  pass  through  living  quarters.  Pipes  to  the  steering 
and  capstan  engines  pass  through  certain  storerooms  below 
the  protective  deck,  but  these  are .  so  chosen  that  the  heat  is 
unobjectionable.  As  regards  the  pipes  to  the  deck  hoists, 
which  are  exposed,  they  are  usually  led  up  the  stokehold 
fidleys  amidships,  and  are  provided  with  valves  below  by 
which  they  can  be  shut  off  from  the  steam  main  in  time  of 
action. 


Efficiency. 

The  mechanical  efficiency  of  an  electric  motor  is  as  a 
rule  a  few  per  cent,  higher  than  that  of  a  steam  engine 
of  corresponding  power.  The  efficiency  of  the  system  as 
a  whole  involves  the  consideration  of  the  generating  and 
distributing  arrangements,  and  here  electricity  has  a 
marked  advantage  over  either  steam,  compressed  air,  or 
hydraulics,  the  power  taken  being  strictly  proportional  to 
load  and  the  overhead  efficiency  from  l.H.P.  of  generators 
to  B.H.P.  on  motor  shafts  averaging  about  65  per  cent, 
at  full  load. 

Efficiency,  however,  cannot  be  considered  alone.  The 
Naval  Architect  wants  the  relative  advantages  of  competing 
systems  expressed  in  terms  of  weight  and  space.  In  a 
given  ship  of  war,  the  correct  adjustment  of  weights  and 
dimensions  is  correlated  with  the  maximum  offensive  and 
defensive  qualities  involved  in  armour  and  armament, 
speed,  and  coal  endurance.  Hence,  unscientific  as  it  may 
appear  in  itself,  an  electric  power  distribution  system  of 
high  mechanical  efficiency  may  be  a  positive  disadvantage 
to  a  warship  if  the  weights  involved  conduce  to  an  un- 
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favourable  design  in  the  offensive  and  defensive  qualities  of 
the  ship.  Whether  the  change  from  steam  to  electric 
driving  of  auxiliaries  involves  the  sacrifice  of  greater  weight 
than  is  compensated  for  by  the  advantages  gained  is  pre- 
cisely the  question  on  which  authorities  differ — the  differ- 
ences being  chiefly  due  to  the  use  of  general  terms  for  the 
sake  of  the  argument  instead  of  precise  calculation. 

The  main  sources  of  loss  in  operating  steam-driven 
auxiliaries  are  three  :  (a)  The  use  of  too  great  a  range  of 
temperature  and  pressure  in  the  cylinders.  (6)  Leakages 
past  pistons  and  valves  due  to  wear,  (c)  Steam-pipe  con- 
densation. 

(a)  As  illustrating  the  uneconomical  use  of  steam  under 
the  first  condition,  consider  the  case  of  winches  and 
capstans.  These  must  exert  a  powerful  effort  in  starting, 
and  hence  must  have  very  little  lead  and  lap  to  their  valves. 
If  therefore  steam  at,  or  near,  boiler  pressure,  say  250  lbs., 
be  taken  with  cut-off  at,  say,  J  stroke,  and  discharged  into 
the  condenser  at  the  end  of  the  stroke,  it  is  obvious  that  the 
steam  consumption  per  I.H.P.  must  be  very  high.  Steam 
engineers  are  well  aware  of  this,  and  the  increase  in  boiler 
pressures  of  the  last  few  years  has  led  to  the  introduction  of 
several  methods  of  utilising  steam  in  auxiliary  machinery  to 
better  advantage.  One  obvious  but  not-too-commonly- 
employed  method  is  the  use  of  reducing  valves  in  the  steam 
supply  pipes  of  auxiliary  engines. 

The  favourite  practice  at  present  in  the  American  Navy 
is  to  turn  the  exhaust  from  the  auxiliaries  into  a  feed-water 
heater,  in  which  the  latent  heat  is  abstracted  and  the  feed 
raised  from  about  80^  or  850  F.  to  approximately  boiling 
point ;  and  when  the  power  being  developed  in  the  main 
engines  is  too  low  for  the  feed  to  condense  all  the  auxiliary 
exhaust  steam,  the  surplus  has  been  turned  into  a  low- 
pressure  evaporator.  Notwithstanding  the  increase  of  back 
pressure  on  the  auxiliaries  by  this  arrangement,  a  saving  of 
about  9  per  cent,  of  coal  used  for  auxiliaries  is  said  to  have 
resulted.  In  our  navy,  auxiliary  feed  heaters  are  being 
introduced  for  the  same  purpose. 

Other  devices  for  economising  steam  are  :  the  employ- 
ment of  compounding  devices  for  using  the  steam  in  stages, 
as,  for  example,  operating  some  auxiliaries  by  the  exhaust 
from    others,    supplying    auxiliaries    at   full   pressure   and 
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exhausting  into  the  intermediate  receiver  of  the  main 
engines,  or  drawing  supply  for  the  auxiliaries  from  the 
intermediate  or  low-pressure  receiver  and  exhausting  into 
condenser.  All  these  systems  have  serious  attendant  dis- 
advantages. Finally,  some  pressure  is  being  put  upon 
manufacturers  of  steam  plant  to  improve  the  performance 
of  the  smaller  engines  by  compounding,  improving  cylinder 
ratios  and  so  on. 

(6)  The  losses  that  may  occur  in  steam  engines  due  to 
the  effects  of  wear  are  most  strikingly  brought  put  by  Mr. 
W.  W.  White,  in  his  well-known  paper  on  the  "Steam 
Consumption  of  the  Main  and  Auxiliary  Machinery  of  the 
U.S.S.  '  Minneapolis.'  "  '  These  tests,  which  ultimately 
embraced  all  the  machinery,  were  instituted  in  the  first 
place  to  measure  the  steam  consumption  of  the  dynamo 
engines,  which  was  known  to  be  abnormally  large  due  to 
leakage  past  the  pistons  from  the  effects  of  wear.  The 
pistons  were  originally  grooved  for  water  packing  and  were 
without  packing  rings ;  new  cast-iron  pistons  with  snap 
rings  were  designed  and  fitted  to  one  of  the  three  dynamo 
engines,  and  tests  made  to  ascertain  whether  the  saving  was 
sufficient  to  warrant  the  change  in  the  remaining  two.  The 
engines  were  two-cylinder  simple  vertical  inverted  engines 
driving  dynamos  of  300  amperes  capacity  at  80  volts  at 
400  revolutions  per  minute.  The  engine  cylinders  were 
each  loi  in.  diameter  x  5  in.  stroke,  and  were  large  for 
their  work.  Steam  was  supplied  at  142  lbs.  boiler  pressure 
and  the  exhaust  condensed  and  weighed.  The  results  as 
shown  on  opposite  page  were  noted. 

The  chief  source  of  loss  is  evident  enough  here,  but  even 
the  improved  results  leave  much  to  be  desired.  How  much 
loss  was  attributable  to  similar  causes  in  the  case  of  the  other 
auxiliaries  was  not  investigated,  but  the  results  were  in  all 
cases  extremely  bad.  There  is  no  corresponding  loss  due  to 
the  effects  of  wear  in  the  case  of  electro-motors. 

(c)  Condensation  in  the  steam-pipes  is  probably  the  most 
serious  of  all  the  sources  of  loss.  If  we  allowed  that  in  the 
progress  of  design  the  average  steam  consumption  in  pounds 
of  dry  steam  per  I.H.P.  of  all  the  auxiliaries  were  brought 
down  to  the  level  of  that  of  the  dynamo  engine — the  most 
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efficient  auxiliary  in  the  ship — the  margin  of  loss  from  con- 
densation to  be  got  rid  of  by  the  extended  use  of  electro- 
motors would  go  a  long  way  to  furnish  the  required  set-ofF 
in  coal-saving  to  balance  the  necessary  increase  in  weight  of 
the  electric  system.  For  it  is  to  be  remembered  that  this 
loss  occurs  not  merely  when  the  auxiliaries  are  exerting 
power,  but  goes  on  the  whole  time  the  ship  carries  steam, 
whether  the  engines  are  working  or  not.  To  illustrate  this 
point,  an  instance  may  be  mentioned  that  has  recently  come 
under  the  author's  observation.  The  new  first-class  battle- 
ship *^  Shikishima "  carries  25  Belleville  boilers,  capable 
under  full  steam  of  developing  over  15,000  I.H.P.  in  the 
main  engines,  besides  working  the  auxiliaries  necessary  for 
steaming  at  full  power,  driving  dynamos,  etc.    Thus  each 
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boiler  at  full  power  is  equal  to  the  supply  of  steam  for  over 
600  I.H.P.  When  at  anchor,  one  boiler  under  easy  steam — 
i,e.,  evaporating  from  9  to  10  lbs.  of  water  from  and  at 
212°  F.  per  pound  of  coal — was  just  able  to  work  one  48  k.w. 
steam  dynamo  at  about  J  power,  together  with  one  feed- 
pump and  the  air  and  circulating  pumps  connected  with  the 
auxiliary  condenser  into  which  the  dynamo  engine  exhausted, 
besides  working  a  fire-  and  bilge-pump  occasionally.  If  a 
capstan  engine  or  boat  hoist  had  to  be  worked  in  addition,  a 
second  boiler  was  necessary.  The  dynamo  was  about  160 
feet  of  pipe  length  away  from  the  boiler,  the  total  range  of 
steam  pipe  connected  being  500  to  600  feet.  Performing 
the  first-mentioned  service  with  only  one  boiler  alight,  the 
coal  burnt  varied  from  3J  tons  to  5  tons  per  day  of  18  hours 
for  about  65  I.H.P.,  or  about  7  lbs.  per  I.H.P.  hour  at  the 
best  to  10  lbs.  at  the  worst,  the  average  being  over  8  lbs. ; 
which  shows  that  more  than  half  the  fuel  must  have  been 
expended  in  keeping  the  pipes  warm.  All  pipes  were  well 
covered  and  below  decks,  and  all  machinery  new  and  in 
first-class  condition. 

Sir  John  Durston  has  published  particulars  of  the  coal 
consumption  of  certain  auxiliaries  of  H.M.S.  "Diadem," 
obtained  when  the  ship  was  at  rest  in  the  basin,  which  bear 
on  the  same  point.'  He  discovered  that  to  run  one  main 
feed-pump,  one  blowing  engine,  one  auxiliary  circulator, 
one  electric-light  engine,  and  two  distiller  pumps  consumed 
coal  at  the  rate  of  6-i  tons  per  day  when  two  extreme  for- 
ward boilers  were  employed,  or  3*88  tons  when  two  extreme 
after  boilers  were  employed ;  the  same  machines  with  the 
addition  of  two  evaporators,  working  compound,  consumed 
8*8  tons  per  day  when  supplied  from  the  forward  boilers, 
and  7-09  tons  when  supplied  from  the  after  boilers  ;  ix.^ 
the  elimination  of  the  lengths  of  steam-piping  between  the 
forward  and  after  boilers  alone  resulted  in  a  saving  of  from 
20  to  30  per  cent,  of  the  total  coal  used  for  the  machines 
in  question. 

The  same  proportion  of  waste  may  be  concluded  to  exist 
under  sea-going  conditions ;  for  although  more  machinery 
would  be  at  work,  and  therefore  the  steam  would  in  some 
measure  be  used  to  better  advantage,  yet,  on  the  other  hand, 

»  Transactions  of  the  Institution  of  S aval  Architects^  1889. 
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the  long  lengths  of  pipes  fore  and  aft  of  the  ship  would  be 
connected  to  the  steam  mains,  as  well  as  branches  going 
into  colder  regions  above  the  protective  deck.  Hence  it  is 
clear  that  with  short  direct  connections  to  steam  dynamos, 
and  electric  distribution  to  all  the  other  auxiliaries  for  which 
electric  driving  is  suitable,  a  considerable  saving  of  coal 
— probably  at  least  5  tons  per  day — would  be  effected  under 
this  head. 

The  total  coal  consumption  for  auxiliary  purposes  may 
be  thus  computed  :  Steaming  at  "  economical "  speed — 
about  12  knots — involving,  say,  one-fifth  power,  it  is  known 
that  the  coal  consumption  of  a  good  modern  first-class 
battleship  or  cruiser  with  Belleville  boilers  fitted  with 
economisers  is  about  2  lbs.  of  coal  per  I.H.P.  hour,  which 
for  3,000  H.P.  represents  about  65  tons  per  day  of  twenty- 
four  hours,  of  which  the  minimum  number  of  auxiliaries 
employed  under  these  conditions  {i.e.,  steering  engine, 
pumps,  distiller,  and  one  dynamo)  consume  on  an  average 
about  25  per  cent.  =  16  tons.  Supposing  the  engine-room 
pumps  continue  to  be  steam  driven,  the  principal  auxiliaries 
used  when  the  ship  is  cruising  under  ordinary  sea-going 
conditions  will  be,  besides  those  mentioned,  ventilation  fans, 
ash-hoist  engines,  and  refrigerating  machinery,  together  with 
air  compressors  and  turret  machinery  for  drill  purposes. 
These  machines  work  intermittently,  and  hence  average  coal 
consumptions  are  to  some  extent  a  matter  of  speculation  ; 
but  it  will  probably  be  below  the  actual  consumption .  of 
many  ships  to  take  the  average  total  coal  consumption  of  all 
the  auxiliaries  employed  in  an  ordinary  commission  at  20 
tons  a  day,^  or,  neglecting  the  dynamo,  15  tons. 

Turning  to  the  broad  question  of  the  mechanical 
efficiency  of  electrically  driven  auxiliaries,  notice  must  be 
taken  of  a  couple  of  recent  papers  by  Lieutenant  Robinson, 
U.S.N.=» 

For  purposes  of  comparison.  Lieutenant  Robinson  takes 
the  average  steam  consumption  of  the  best  steam  auxiliaries 
now  produced  at  just  below  70  lbs.  per  LH.P.  hour.     He 

»  The  "  Powerful  "  is  said  to  have  burnt  on  her  voyage  to  China  last  year 
40  tons  a  day  for  auxiliaries.  The  "  Diadem  "  cruisers  and  the  "  Canopus  " 
battleships  are,  however,  much  more  economical. 

'  "Auxiliary  Machinery  for  Warships,"  Eftgineering  Magazine^  October 
and  November,  1899. 
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puts  the  best  steam  consumption  of  an  electrical  generator 
at  26  lbs.  per  I.H.P.  hour,  the  exhaust  being  taken  into  a 
feed  heater.  He  takes  the  efficiency  of  the  engine  at  93  per 
cent.,  dynamo  86  per  cent.,  line  95  per  cent.,  and  motor 
78  per  cent.,  =  overall  efficiency  59  per  cent.  ;  and  on  this 
basis  shows  that  the  steam  consumption  per  B.H.P.  on  the 
motor  shaft  is  44  lbs.  per  hour,  representing  a  reduction  of 
35  per  cent,  of  the  steam  used  by  the  best  steam-driven 
auxiliaries.  He  then  goes  on  to  argue  that  if  electric  motors 
are  used  to  drive  the  auxiliaries,  it  will  be  necessary,  in  order 
to  get  the  requisite  torque  at  the  highest  speeds,  to  instal 
motors  of  1-5  times  the  rated  horse-power  that  would  be 
required  if  steam  auxiliaries  were  used  ;  and  hence,  that  as 
against  a  total  of  1,500  I.H.P.  of  steam  auxiliaries  weighing 
(at  100  lbs.  to  the  I.H.P.)  70  tons,  a  total  motor  capacity  is 
required  of  2,250  H.P.,  weighing  on  the  same  basis  105 
tons. 

The  author  ventures  to  join  issue  with  this  conclusion, 
which  appears  to  be  incorrect  in  several  particulars  : — 

(i.)  The  I.H.P.  of  steam-driven  auxiliaries  is  compared 
with  the  B.H.P.  of  motor  driven  auxiliaries,  which  is  unfair. 
It  would  probably  be  liberal  to  allow  an  average  mechanical 
efficiency  for  steam  engines  of  the  class  used  for  auxiliary 
machinery  of  70  per  cent.,  so  that  if  they  consume  70  lbs. 
steam  per  I.H.P.  this  represents  100  lbs.  per  B.H.P.  Hence 
the  saving  of  coal  due  to  electric  driving  is  56  per  cent, 
instead  of  35  per  cent,  (ii.)  The  only  auxiliaries  requiring 
maximum  torque  at  highest  speeds  are  pumps  and  fans, 
and  it  does  not  at  all  matter  whether  the  torque  exerted 
by  motors  on  such  machinery  is  equal  to  that  exerted 
by  steam  engines,  or  not,  provided  the  useful  work  done 
per  minute  is  the  same;  on  the  contrary,  services  of  this 
kind  are  excellently  adapted  to  the  capabilities  of  motors 
of  comparatively  small  torque  but  high  speed,  the  high 
speed  allowing  of  a  smaller  and  more  compact  machine 
than  the  slower  running  engine,  (iii.)  Winches,  capstans, 
turret  and  steering  engines,  and  in  fact  all  in  which  inertia 
effects  come  in,  require  maximum  torque  at  starting.  Here 
the  electric  motor  is  distinctly  on  its  own  ground,  for  it  is 
quite  easy  to  build  and  control  motors  in  such  a  way  as  to 
obtain  from  them  a  starting  torque  equal  to  two  or  three 
times  that  corresponding  to  their  rated  full  power,  which  is 
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not  the  case  with  steam  engines;  besides  which  the  motor 
has  the  further  advantage  of  exerting  a  continuous  rotary 
effort  in  lieu  of  the  fluctuating  turning  moment  of  the 
reciprocating  engine,  (iv.)  The  argument  as  to  the  higher 
power  rating  of  the  motor  drive  appears  to  be  drawn  from 
the  analogy  of  electrically-driven  as  compared  with  steam- 
driven  machine  shops,  which  is  inapplicable  to  the  case 
under  discussion. 

The  conclusion  appears  to  follow  from  the  foregoing 
arguments  that  any  appreciable  increase  in  the  horse-power 
rating  of  electric-  as  against  steam-driven  auxiliaries  is  un- 
necessary, and  that  if  the  whole  of  the  auxiliaries  of  a 
15,000  H.P.  ship  were  electrically  driven  a  saving  of  about 
5  tons  of  coal  used  in  generating  the  auxiliary  steam  would 
result  from  the  suppression  of  pipe  condensation,  and  (on 
the  rather  low  basis  of  59  per  cent,  overhead  efficiency)  a 
further  saving  of  56  per  cent,  of  the  balance  of  10  tons  =  5^ 
tons,  due  to  superior  mechanical  efficiency — a  total  of  io| 
out  of  the  20  tons  of  coal  per  day  used  by  a  good  steam 
auxiliary  equipment. 

The  total  bunker  capacity  of  a  ship  of  the  power  men- 
tioned would  be  about  2,000  tons,  representing  the  ability 
to  keep  the  sea  for  about  25  days  at  economical  speed.  The 
saving  in  coal  consumption  in  these  25  days  represents  262 
tons  on  the  basis  shown — an  amount  sufficient  to  more  than 
counterbalance  the  necessary  additional  weight  of  generators 
and  motors  carried. 

The  questions  next  arising  are  :  to  what  purposes  is  it 
practicable,  having  regard  to  all  considerations,  to  adapt 
electric  driving,  what  would  be  the  changes  in  weight, 
space,  etc.,  involved,  and  what  should  be  the  arrangement 
of  the  installation  for  supplying  the  power  ? 

There  is  a  broad  difference  at  once  to  be  recognised 
between  machines  directly  co-operating  with  the  main  pro- 
pelling machinery  and  those  performing  other  duties.  On 
the  whole,  present  engineering  opinion  is,  from  considera- 
tions of  reliability,  decidedly  in  favour  of  continued  steam- 
driving  for  boiler  feed-pumps,  circulating  and  hot  well 
pumps,  fire  and  bilge  and  distiller  pumps.  It  happens  that 
these  pumps  are  the  worst  steam-eaters  in  the  ^hip  ;  in  the 
''  Minneapolis,"  for  example,  the  consumption  ranged  from 
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7574  lbs.  in  a  circulating  pump  doing  4*1 1.H.P.,  one  cylinder 
alone  taking  steam,  to  318*68  lbs.  for  a  small  pump  developing 
78  H.P.  which  was  used  for  flushing  purposes,  the  average 
for  the  twelve  pump  tests  included  in  Mr.  White's  tables 
being  i6i'6i  lbs.  per  I. H.P.  hour.  Experience  with  electric 
auxiUaries  in  other  situations  may  eventually  lead  to  the  use 
of  electricity  for  these  services  ;  but  this  contingency  may  be 
left  out  of  account  for  the  present. 

Starting  and  turning  engines  may  be  regarded  as  parts 
of  the  main  engines  themselves,  and  of  course  will  be  driven 
by  the  same  power. 

The  only  auxiliary  services  within  the  engine  and  boiler 
rooms  for  which  the  use  of  electricity  may  be  considered  at 
present  are  ventilation  and  furnace  blowing. 


Fans  for  Engine  and  Boiler  Room  Ventilation. 

In  the  "Canopus"  class  of  battleships  each  engine-room 
is  ventilated  by  a  7  ft.  6  in.  fan  driven  by  a  direct-acting 
steam  engine,  while  the  boiler-rooms  are  supplied  with  air 
from  four  8-feet  fans  at  240  revolutions,  and  two  6-feet  fans 
at  J20  revolutions  per  minute.  These  represent  in  the 
aggregate  about  150  I.H.P.,  with  a  weight  of  between  three 
and  four  tons.  The  "  Duncans "  will  carry  two  engine- 
room  fans,  each  6  ft.  6  in.  in  diameter,  with  two  8  ft.  3  in. 
and  eight  6  ft.  6  in.  fans  in  boiler-rooms,  the  speed  being 
about  300  revolutions.  Fan-driving,  being  a  purely 
rotary  movement,  is  a  duty  which  electric  motors  have 
shown  themselves  excellently  able  to  perform  ;  they  can  run 
at  at  least  twice  the  speed  of  reciprocating  engines  for  the 
same  power  without  noise  or  vibration,  and  can  give  the 
required  deliveries  with  smaller  fans,  with  higher  efficiencies 
in  both  motors  and  fans,  and  therefore  with  less  total  power. 
It  would  probably  be  reasonable  to  take  the  total  power  of 
motors  to  perform  the  engine-  and  boiler-room  ventilation 
of  the  most  powerful  ships  at  about  80  B.H.P.  on  the  fan 
shaft,  say  100  E.H.P.  input,  which  could  be  provided  in 
enclosed  type  motors  built  for  continuous  work  at  750  revo- 
lutions per  minute  for  about  three  tons,  or,  allowing  for  the 
weight  of  the  fans,  an  increase  of  not  more  than  one  ton 
on  the  above  total  weight. 
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Furnace  Air-Blowing  Engines. 

These  are  high-pressure  air-pumps  adapted  for  delivering 
air  at  15  to  30  lbs.  pressure  above  the  fires  and  into  the 
combustion  chambers  of  the  boilers.  A  set  of  five  such 
engines  in  the  "Shikishima"  weigh  5  tons  2  cwt.,  and  develop 
an  aggregate  of  220  I.H.P.  Pumping  services  of  this  kind 
are  very  efficiently  performed  electrically,  but  the  substitution 
of  geared  motors  for  engines  would  result  in  this  case  in  an 
increase  of  the  total  weight  probably  to  the  extent  of  about 
3  tons  for  200  E.H.P.  Furnace  air-engines  are  generally 
placed  in  the  boiler-rooms,  but  if  electrical  they  could  more 
conveniently  be  placed  outside  or  above  the  boiler-rooms, 
air-pipes  only  being  led  into  the  firing  compartments. 

Considering  next  the  auxiliary  machinery  outside  the 
engine-  and  boiler-rooms  we  find  these  include  steering 
engines,  capstan  engines,  boat,  coal  and  ash  hoists,  venti- 
lating fans,  air  compressors,  refrigerators,  workshop  engine, 
turret-working  machinery,  and  ammunition  hoists. 


Steering  Engines. 

It  is  convenient  to  consider  these  machines  in  this, 
section,  as  they  are  usually  placed  in  the  after  steerage  flat 
adjacent  to  the  tiller  compartment.  In  some  of  the  latest 
British  ships  they  are  placed  in  the  engine-rooms  and  con- 
nected by  long  lines  of  shafting  to  the  tiller  mechanism. 
This  arrangement  saves  carrying  steam-pipes  aft,  but  seems 
to  have  nothing  else  to  recommend  it. 

Next  to  the  main  engines  these  are  the  most  important 
in  the  ship,  and  beforeevery  question  of  weight  or  efficiency 
the  most  reliable  machine  must  be  used  here.  Electric 
steering  engines  have,  the  author  understands,  been 
made,  and  there  seems  no  reason,  so  far  as  the  motors  are 
concerned,  why  equally  positive  results  should  not  be 
obtained  with  these  and  with  steam  engines.  The  con- 
trolling of  their  motion  is  the  principal  difficulty.  The 
motors  would  be  everlastingly  starting,  stopping,  reversing, 
and  altering  speed  ;  or,  if  the  motors  ran  continuously,  then 
such  movements  would  be  always  being  made  by  the  gears 
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and  clutches.  And  whereas  the  steering  engine  is  deep 
down  in  the  ship,  the  control  has  to  be  operated  from 
distant  stations,  of  which  there  are  usually  five,  intercon- 
nected, the  forward  bridge  and  conning  tower  being  the 
most  important  and  the  most  generally  used.  Simple  rheo- 
static  control  from  a  distance  is  not  good  enough  ;  to  secure 
the  necessary  sensitiveness,  a  large  number  of  switch  con- 
tacts and  connections  would  be  necessary ;  and  an  extensive 
system  of  cables  interconnecting  all  the  steering  stations  is 
inadmissible.  A  maker  of  steering  engines  once  told  the 
author  he  had  invented  an  electric  steering  engine  which  he 
was  sure  met  every  requirement,  but  it  required  seventy- 
nine  wires  !  The  reply  was,  of  course,  that  seventy- nine 
wires  would  kill  any  such  project.  Recourse  must  be  had 
either  to  a  pilot  motor,  worked  by  a  small  switch  and  two 
or  three  wires,  operating  in  its  turn  the  controller  of  the 
steering  motor  proper  (indeed,  it  would  probably  be 
possible  to  employ  the  hydraulic  telemotor,  now  so  largely 
used,  for  working  electric  controlling  switches  alongside  the 
steering  motors,  in  similar  fashion  to  that  in  which  it  reverses 
the  valves  of  the  steam  steering  engine),  or  to  the  inter- 
action of  two  machines  as  in  the  Ward  Leonard  system  of 
controlling  turrets.  If  the  difficulty  of  control  be  satisfac- 
torily overcome,  the  gain  in  efficiency  of  electric  steering 
mechanism  ought  to  be  very  substantial,  owing  to  its  long 
periods  of  work.  From  its  irregularity  of  working  it  is 
impossible  to  define  the  average  H.P.  of  a  steering  engine. 
The  motor  to  replace  it  must  be  a  substantial  affair,  heavily 
geared,  the  torque  required  on  the  rudder-post  of  a  big 
battleship  being  as  much  as  500  ton-feet.  To  move  the 
rudder  from  hard-a-port  to  hard-a-starboard  in  30  seconds, 
which  is  the  usual  requirement,  a  steering  engine  will  make 
about  300  revolutions,  and  working  at  this  maximum  rate 
the  I. H.P.  will  lie  between  300  and  400,  and  the  useful  work 
done  on  the  rudder-post  will  be  at  the  rate  of  about  75  H.P. 
net,  an  overall  efficiency  of  20  to  25  per  cent.  Each 
steering  engine  with  its  gear  weighs  5 J  to  6  tons  ;  two  sets 
are  carried.  If  each  steering  engine  were  replaced  by  one 
motor  capable  of  exerting  the  same  starting  torque,  the  full 
load  rating  of  each  motor  on  continuous  work  might  be 
taken  at  150  H.P.,  though  the  starting  current  allowed  would 
correspond  to  twice  this  power,     With  electric  driving,  an 
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improvement  in  efficiency  might  be  expected.  The  extra 
weight  involved,  using  open-type  machines,  would  be  about 
two  tons  per  set. 

Capstans. 

The  principal  capstan  is,  of  course,  the  forward  one, 
which  has  to  operate  the  heaviest  anchors.  Besides  other 
stipulations,  its  engines  (usually  duplex)  are  required  by  our 
Admiralty  to  lift  a  weight  of  35  tons  at  the  rate  of  25  feet 
per  minute  =  60  actual  H.P.  The  maximum  I.H.P.  may 
be  taken  at  200,  and  the  weight  of  the  complete  capstan 
with  engines  and  gears  is  about  47  tons.  If  electric  motors 
were  substituted  for  the  steam  engines  with  the  same  gears 
this  weight  would  be  increased  by  about  two  tons.  But 
with  better  designed  worm  gears  the  work  could  be  done 
electrically  on  the  same  total  weight.  The  after  capstan 
performs  similar  but  lighter  work,  Ufting  15  tons  at  25  feet 
per  minute  =  25  actual  H.P.,  say  75  I.H.P. 

In  our  latest  ships,  while  the  forward  capstan  is  still 
steam-operated,  the  after  capstan  is  specified  to  be  driven 
by  two  reversible  watertight  motors,  performing  the  above 
specified  work  at  speeds  not  exceeding  750  revolutions  per 
minute,  and  so  designed  that  the  rise  in  temperature  after 
one  hour's  run  at  full  load  does  not  exceed  80°  F.  This 
change  involves  an  increase  of  total  weight  in  capstan, 
motors,  and  gear  of  from  one  to  two  tons. 

In  lieu  of  two  motors,  the  Admiralty  have  accepted  for 
the  "  Duncans  "  and  other  ships  an  electric  capstan  driven 
by  one  50  H.P.  motor  at  350  revolutions  per  minute,  the 
weight  of  the  complete  capstan  motor  and  gear  being 
approximately  the  same  as  that  of  the  steam  after  capstan  of 
H.M.S.  "Albion." 

Fig.  30  shows  the  general  arrangement  of  the  electric 
capstan  of  H.M.S.  ''Irresistible"  by  Messrs.  Clarke,  Chap- 
man &  Co. 

It  will  require  a  somewhat  protracted  experience  to 
determine  whether,  on  the  whole,  the  use  of  electric 
motors  for  capstans  proves  advantageous.  To  be  quite 
safe,  motors  should  be  used  with  a  large  margin  of  power, 
notwithstanding  the  increase  of  weight  involved,  for  the 
stresses  involved   in  such  work!  are  apt   to   rise  with  great 
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suddenness  to  many 
times  their  average 
value,  and  capstan 
chains  have  a  habit 
of  jamming  in  the 
stops.  If  steam 
driven,  the  engine 
will  pull  up,  and  is 
able  to  stand  under 
the  load  ;  a  motor 
cannot  do  this,  yet  it 
can  neither  be  al- 
lowed to  burn  up 
nor  to  relinquish  its 
work  by  cutting  it- 
self permanently  out 
of  circuit.  Special 
devices  are  necessary 
to  meet  such  a  con- 
dition. Mr.  Siemens 
•dealt  somewhat  fully 
with  this  matter  at 
Dover,  so  it  is  un- 
necessary to  dwell 
further  upon  it  here. 
Neither  in  this 
case  nor  in  that  of 
the  steering  engines 
do  there  appear  to  be 
difficulties  incapable 
of  satisfactory  solu- 
tion electrically,  and 
in  these  cases  the 
longest  steam-pipes 
in  the  ship  are  con- 
cerned. 


Boat-  hoisting 
Engines. 

A  British  battle- 
ship carries  two  sets, 
one   on    either  side, 


Fig.  30.— Electric  Capstan,  H.M.S.  "Irresistible 
(Clarke,  Chapman  &  Co.). 
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of  such  power  that  each  set  can  lift  by  means  of  tackle  a 
boat  weighing  i8  tons  at  not  less  than  20  feet  per  minute. 
This  is  a  favourable  case  for  electric  driving,  and  in  the 
latest  British  ships  electric  motors  are  specified  for  the 
work.  The  actual  net  H.P,  for  the  lift  is  approximately 
24,  and  as  the  motors  have  to  drive  through  a  worm  gear 
and  a  wire-rope  tackle,  the  maximum  input  may  be  taken 
at  about  50  E.H.P.  The  motors  are  specified  to  run  at  not 
more  than  750  revolutions  per  minute,  to  be  watertight,  and 
to  be  fitted  with  reversing  switches  and  automatic  brakes. 
The  rating  of  the  motors  is  determined  by  the  temperature 
limit  of  80°  F.  rise  after  one  hour's  run  at  full  load  ;  which 


Fig.  31.— Electric  Deck-winch,  U.S.S.  "  Kearsarge"  and  "Kentucky"  (General 
Electric  Co.,  U.S.A.). 

enables  the  weight  of  the  total  equipment  to  be  about  the 
same  as  that  of  the  steam  hoist. 

An  electric  compound  deck-winch,  as  fitted  in  the  U.S. 
battleships  "Kearsarge"  and  ''Kentucky,"  is  illustrated  in 
Fig-  31- 


Coal  Hoists. 

These  machines  (of  which  two  sets  are  carried)  are  of 
the  same  class  as  the  boat  hoists,  but  work  at  a  quicker  rate. 
The  latest  British  specifications  define  their  work  to  be 
the  lifting  of  i  ton  at  250  feet  per  minute,  but  on  test  they 
have  to  lift  ij  tons  at  this  rate.  On  the  test  load  they  have 
to  exert  25  actual  H-P-,  ^^^  though  the  efficiency  may  be  a 
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little  higher  in  this  case  than  in  that  of  the  boat  hoists,  the 
total  input  will  be  40  to  50  E.H.P.  The  motors  therefore 
may  well  be  of  the  same  size ;  they  are  governed  by  the 
same  specification  as  to  temperature  limit,  control,  etc. 
The  weight  of  the  motors  and  gears  will  probably  be  a  few 
hundredweights  more  than  that  of  corresponding  steam 
hoists. 

Ash  Hoists. 

One  of  these  is  usually  fitted  to  each  boiler-room  ;  the 
"Albion  "  carries  five.  Their  work  is  not  definitely  specified, 
but  may  be  described  as  lifting  with  wire-rope  tackle  a 
bucket  of  ash,  weighing  when  full  about  ij  cwt.,  at  from 
200  to  250  feet  per  minute  =  i^  actual  H.P.,  the  maximum 
I.H.P.  of  the  steam  engines  being  about  5  on  a  weight  of 
14  cwt.  Being  placed  on  the  boat  deck,  machines  of  this 
class  may  well  be  electric,  and  as  the  motors  will  run  at 
higher  speed  than  steam  engines  no  increase  of  weight  need 
be  involved. 

Ventilating  Fans 

are  employed  for  ventilating  all  compartments  below  the 
protective  deck  and  some  of  the  compartments  above  that 
deck,  such  as  mess  and  living  spaces.  The  general  practice 
up  to  1898  was  to  provide  six  5  ft.  6  in.  double-breasted 
steam  fans  on  louver  deck,  three  at  each  end  of  ship, 
driven  at  a  maximum  speed  of  about  400  revolutions  per 
minute,  and  connected  together  to  main  ventilating  trunks, 
besides  an  auxiliary  system  of  ventilation  with  one 
4  ft.  6  in.  fan  at  each  end  of  the  ship.  The  electric 
driving  of  ventilating  fans  is  now  common  in  most  navies. 
Fig.  32  shows  a  Sturtevant  fan  with  open-type  motor  as 
used  in  the  U.S.  Navy. 

In  a  few  recent  ships,  electric  fans  of  from  3  to  4  feet 
diameter  have  been  fitted  taking  about  7  H.P.  at  600  to 
700  revolutions  per  minute,  the  same  number  (8)  being 
employed  and  connected  to  the  same  system  of  trunks  as 
designed  for  steam  fans.  Figs.  33,  34,  and  35  show  a 
3  ft.  9  in.  electric  fan  of  this  sort  designed  by  the  author 
and  fitted  in  the  I.J.B.  "  Shikishima."  These  fans  have 
been  adjusted  to  deliver  7,500  cubic  feet  of  air  per  minute, 
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each  at  2  inches  pressure  at  480  revolutions  per  minute,  at 
which  output  they  consume  5  E.H.P.  apiece,  but  their  speed 
and  output  can  be  increased  if  desired. 

Experience  has  shown  that  the  matter  of  ventilation  has 
been   somewhat  overdone  in   recent  years,  such  powerful 


Fig.  32. — Sturtevant  Blower,  with  General  Electric  Co.'s  (U.S.A.)  Motor. 


fans  being  seldom  worked  at  their  full  speeds  and  powers. 
Accordingly,  in  the  latest  British  ships,  i.e.,  all  designed 
since  1898,  a  larger  number  of  smaller  fans  with  shorter 
and  simpler  trunks  are  employed.  The  ''Duncans,"  for 
example,  will  each  carry  fourteen  fans  not  exceeding 
24   inches   in   diameter,   with   motors  of  about   2  B.H.P. 
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delivering  1,500  cubic  feet  of  air  per  minute  at  2  inches 
pressure. 

Air  Compressors  for  Torpedo  Work. 

A  modern  first-class  battleship  carries  usually  four  sets 
each  capable  of  delivering  30  feet  of  air  compressed  to 
1,700  lbs.  per  square  inch  in  70  minutes.  This  involves 
an  average  B.H.P.  of  about  50  to  60  per  set  of  pumps  on  a 
little  less  than  3  tons  weight.  Electric  compressors  would 
involve  quite  a  different  design,  but  would  result  in  much 
quieter  and  smoother  working.  The  weight  would  remain 
approximately  the  same. 

Workshop  Engine. 

This  is  a  small  engine  of  about  5  H.P.,  driving  one  or 
two  short  lines  of  shafting  actuating  half  a  dozen  machine 
tools  in  the  engineers'  workshop.  It  is  an  obvious  case  in 
whicli  electric  driving  is  handier  than  anything  else. 


Gux-woRKiNG  Mechanism. 

A  modern  battleship,  mounting  two  pairs  of  large  guns 
en  barbette,  carries  quite  a  nest  of  machinery  for  working 
the  guns.  There  are  engines  for  training  the  turret,  inde- 
pendent engines  for  each  gun  for  elevating  and  depressing 
and  for  running  in  and  out,  rammers  for  loading,  hoists  for 
bringing  up  powder  and  shell  from  the  magazines  below, 
besides  lifting  and  traversing  gear  for  transporting  shot 
and  shell  from  the  bins  in  the  shell-rooms  to  the  handing- 
up  cage.  Some  of  the  machines  are  duplicated  and 
some  triplicated,  and  there  are  always  in  conjunction 
hand-gears  for  continuing  the  work  if  the  mechanism  fails.' 
In  a  ship  carrying  hydraulic  mountings  the  power  is 
supplied  by  a  steam-hydraulic  pumping  engine  of  about 
250  I.H.P.  situated  below  and  adjacent  to  the  barbette. 
A  pump  in  the  barbette  itself  is  used  for  circulating 
the  water   in  the   pipes  under   pressure   for   use  over  and 

'  Illustrated  descriptions  of  the  turrets  and  gun-mountings  of  several 
British  and  foreign  ships  are  given  in  ji  paper  entitled  "The  Ri^  and 
Progress  of  Rifled  Naval  Artillery,"  by  Sir  Andrew  Noble,  K.C.B.,  K.RS. 
(Proc.  Inst.  Naval  Architects,  1899). 
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over  again  if  the  pumping  engine  below  is  out  of  use. 
The  hydraulic  supply  to  each  barbette  is  interconnected 
with  that  to  the  other,  pipes  running  fore  and  aft  along  the 
ammunition  passages  below  the  water-line. 

Hydraulic  power  has  been  almost  universally  used  in 
our  navy  for  the  last  twenty  years.  Steam  is  used  a  good 
deal  in  the  United  States  Navy,  possibly  because  their  ships 
have  to  operate  in  latitudes  where  extremes  of  temperature 
are  common,  and  where,  therefore,  hydraulic  appliances  are 
liable  to  be  disabled  by  freezing.  But  steam  has  great  disad- 
vantages for  the  purpose.  The  working  being  intermittent, 
there  is  great  difficulty  in  starting  owing  to  condensation, 
and  there  is  further  the  serious  liability  to  injury  to  the 
steam-pipes  in  action,  with  possibly  disastrous  results  to 
the  gunners. 

Electricity  has  come  to  the  front  in  recent  years  as  a 
rival  to  the  older  hydraulic  system.  By  the  English 
Admiralty  it  has  scarcely  been  used  at  all.  In  the 
"  Majestic "  class  of  battleships  electric  motors  have  been 
put  in  as  an  auxiliary  for  training  the  turrets,  but  these  are 
small-powered  machines  intended  only  as  a  help  to  the 
hand-gear,  the  primary  installation  being  hydraulic.  A 
beginning  was  also  made  in  cruisers  by  applying  electro- 
motors to  the  9-2-inch  guns  of  H.M.S.  ''Terrible."  In  the 
Japanese  battleships  fitted  with  Elswick  armament  an 
auxiliary  electric  training  gear  is  carried,  but  the  motor 
is  about  15  H.P.  capacity,  and  is  able  to  train  the  turret 
at  the  rate  of  about  2®  per  second.  The  pump  referred  to 
above  is  also  electrically  driven. 

In  the  United  States  Navy  electricity  has  been  more 
largely  used,  and,  as  compared  with  steam,  earned  in  the 
late  war  good  reports  in  respect  of  quickness  of  action  and 
precision  of  control.  The  *'  Brooklyn,"  which  carries  two 
8-inch  turrets  superposed  on  two  13-inch  turrets,  had  two 
turrets  trained  by  steam  and  two  by  electricity,  which 
favoured  a  direct  comparison.  The  electric  turrets  are 
said  to  have  been  started  and  stopped  thirty-seven  times  in 
a  minute  and  to  have  been  capable  of  very  small  motions 
at  a  time.  The  success  of  the  electric  motors  in  the  first 
ships  led  to  their  extended  use  in  later  ships,  and  in  the 
"  Kearsarge "  and  **  Kentucky,"  not  merely  are  the  turrets 
trained,   but  the  guns  are  elevated  and   the  ammunition 
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hoists  and  rammers  worked  by  electric  motors.  At  the 
present  time  there  seems  to  be  a  revulsion  of  feeling  against 
electric  installations.  Lieutenant  Norton  (speaking  ap- 
parently on  behalf  of  the  American  constructors)  said' 
that  in  the  new  large  triple  screw  ships  being  designed  for 
the  United  States  Navy  it  has  been  decided  not  to  use  elec- 
trical power  in  the  turrets  except  for  the  hoist,  for  the 
reason  that  "  you  can  tell  what  is  the  matter  with  a  steam 
or  hydraulic  engine  instantly ;  but  you  may  chase  for  hours 
to  find  a  broken  circuit,  and  by  that  time  the  action  is  over 
and  you  are  out  of  the  deal."  To  understand  this  remark 
the  difference  in  the  character  of  American  and  English 
installations  must  be  borne  in  mind. 

For  controlling  turrets  the  Americans  use  an  ingenious 
method  devised  by  Mr.  Ward  Leonard,  which  may  be  fit- 
tingly mentioned  here.  In  the  turret  is  a  motor  (or  a  pair 
of  motors  in  parallel)  separately  excited  at  constant  voltage ; 
its  armature  is  directly  connected  with  that  of  a  generator 
in  the  dynamo-room  which  is  steam  driven  at  constant 
speed  in  a  field  of  which  the  excitation  can  be  varied  from 
maximum  to  zero,  reversed  and  increased  to  a  negative 
maximum.  The  voltage  of  the  generator  accordingly  varies 
as  its  field  varies,  and  the  motor  armature  receiving  this 
varying  voltage  while  its  field  remains  constant,  its  speed 
will  vary  in  a  corresponding  manner.  The  regulation  of 
the  generator  field  is  effected  from  a  controller  under  the 
sighting-hood  in  the  turret.  The  control  is  said  to  be 
extremely  sensitive  and  precise.  Retardation  is  effected 
with  smoothness  and  rapidity  by  dropping  the  excitation 
of  the  generator  to  a  point  which  gives  a  voltage  below  that 
corresponding  to  the  speed  at  which  the  motor  is  at  the 
instant  moving ;  the  latter  immediately  begins  to  generate 
current,  and  therefore  quickly  absorbs  the  kinetic  energy 
of  the  turret.  In  the  latest  ships  the  current  so  generated 
is  taken  up  on  a  braking  resistance. 

Most  nations  are  now  employing  electricity  to  greater  or 
less  extent  in  turrets.  Even  Sweden  is  building  cruisers 
in  which  the  working  of  the  turrets  and  guns  is  entirely 
electric.    Among  the  best  examples  of  electric  turrets  are 


•  Discussion  on  Admiral  Melville's  paper,  "  The  Logical  Arrangement  of 
the  Motive  Power  of  Warships,"  Inst.  N.  A.,  March,  1899. 
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those  desigi\ed  by  M.  Canet,^  and  built  in  PYance  for  many 
Governments.  The  essential  feature  of  M.  Canet's  design 
is  that  the  turret  is,  as  a  whole,  primarily  designed  for 
electric  working.  He  arranges  that  the  centre  of  gravity  of 
the  moving  mass  should  as  nearly  as  possible  lie  in  the  axis 
of  rotation.  This  ensures  moving  with  minimum  power. 
In  the  Chilian  "Capitan  Prat,"  for  example,  a  9-inch  turret, 
weighing  87  tons  complete,  was  rotated  by  a  15  H.P.  motor 
at  two-thirds  power,  and  could  be  turned  by  four  men 
through  270  degrees  in  107  seconds.  It  could  be  moved 
through  one-fifteenth  of  a  degree  at  a  time. 

If  electric  power  is  to  render  its  best  services  in  connec- 
tion with  ordnance  work,  it  seems  pretty  clear  that  the 
turret  must  be  designed  throughout  for  electric  working. 
To  tack  electric  motors  on  to  an  unbalanced  turret  designed 
for  hydraulic  working  is  not  the  way  to  success.  If  the 
turret  be  fairly  balanced,  a  great  saving  in  power,  weight, 
and  complexity  might  be  effected  by  employing  electrical 
gears.  Of  course  a  large  margin  of  power  and  strength  are 
needed  to  ensure  the  successful  operation  of  the  turret  when 
the  ship  tkkes  a  list  in  a  rough  sea  or  while  turning ;  but, 
allowing  for  this,  it  would  seem  that  the  aggregate  power, 
if  everything  were  electrical,  might  be  of  the  order  of  100 
B.H.P.  normal  to  150  B.H.P.  maximum  under  worst  con- 
ditions. Allowing  250  B.H.P.  maximum  in  motor  capacity 
to  provide  for  duplication  where  possible,  the  motors  with 
their  gears,  switches,  and  connections  would  certainly  show 
a  saving  of  5  to  10  tons  per  turret  on  the  aggregate  weights 
of  the  hydraulic  cylinders  and  gears,  while  the  weight  of 
the  main  hydraulic  engines  and  transmission  pipes  (about 
25  tons)  would  be  a  set-off  against  the  weight  of  the  electric 
generators. 

Electric  Ammunition  Holsts 

for  serving  the  6-inch  and  smaller  guns  are  in  use  in  many 
navies.  The  "  Powerful "  and  "  Diadem'*  classes  of  cruisers 
were  fitted  with  them,  but  the  later  English  ships  are  fitted 
only  with  hand  gears.  In  the  United  States  and  Japanese 
ships  they  are  usually  found.     The  apparatus  consists  of  a 

'  See  detailed  descriptions  in  Engincahig,  vols.  59  and  60,  1895. 
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quick-running  motor  of  2  to  5  H.P.  geared  in  some  way 
to  a  light  whip  or  chain  tackle  for  lifting  small  parcels  of 
shot  and  shell  at  high  speed.  The  motors  must  be  so 
controlled  that  they  start,  stop,  and  reverse  very  quickly, 
with  automatic  brakes  to  hold  them  as  soon  as  the  current 
is  switched  off,  or  else  the  motions  must  be  effected  by 
clutch  gears  thrown  in  and  out  of  connection  with  a  con- 
tinuously running  motor.  The  latter  arrangement  is  used 
by  Messrs.  Armstrongs  t^th  friction  gears.  Fig.  36  shows 
the  arrangement  in  plan.  The  motor  shaft  being  in  rotation, 
a  vertical  lever  acting  at  O  along  the  axis  of  the  shaft  puts 
either  of  the  speed  cones  A  or  B  into  gear  with  C,  thus  driv- 
ing sprocket  wheel  Wi,  over  which  an  endless  chain  runs, 
passing  also  over  a  fixed  sheave  at  the  top  of  the  hoist.  The 
cones  A  and  B  being  out  of  gear,  and  therefore  running 
free,  the  cartridges  or  projectiles  in  a  bag  are  hooked  on  to 
the  chain  at  the  bottom,  the  friction  gear  brought  into 
action,  and  the  ammunition  rapidly  hoisted.  Then,  while 
this  bag  is  being  unhooked  at  the  top,  ianother  round  is 
being  hooked  on  the  other  side  of  the  chain  at  the  bottom, 
the  cone  gears  are  reversed,  and  the  second  charge  hoisted, 
and  so  on.  There  is  an  automatic  arrangement  for  throwing 
the  cones  out  of  gear  at  the  right  time  for  each  lift ;  there 
is  an  alternative  hand  gear  working  through  the  sprocket 
wheel  W2,  with  arrangements  for  preventing  both  the  hand 
and  power  gears  being  in  operation  at  once,  and  other 
details  not  shown  in  the  sketch. 

Summing  up  the  power  requirements  enumerated  in  the 
foregoing  paragraphs  we  get — 
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Total  Motor 

Maximum 

Capacity 

demand  for 

Installed, 

Power, 

including 

Duplicates 

Duplicates. 
E.H.P. 

excluded. 

E.H.P. 

Ship  ventilating  fans      

40 

40 

Engine-  and  boiler-room  fans  . . . 

100 

100 

Furnace  air-blowing  engines    ... 

200 

200 

Steering  engines 

400 

200 

Forward  capstan             

120 

120 

After             „                   

50 

50 

Boat  hoists           

ICO 

ICG 

Coal  hoists           

100 

100 

Ash  hoists             ...         

20 

20 

Workshop  engine            

5 

5 

Air  compressors 

200 

100 

Turret  motors      

500 

300 

Ammunition  hoists  for  6-inch  and 

smaller  guns 

50 

50 

Totals 


1,885 


1,385 


If  these  figures  err,  they  err  on  the  large  side.  In 
working  out  details,  savings  both  in  power  and  weight 
could  probably  be  effected. 

There  are  no  conceivable  circumstances  in  which  the 
whole  of  these  machines  could  work  simultaneously.  The 
worst  conceivable  case  supposes  that  in  time  of  action  all 
the  gun-working  machinery,  air  compressors,  furnace 
engines,  ash  hoists,  ventilating  fans,  and  steering  engine 
would  be  at  work  together. 

Then  the  aggregate  horse-power  demanded  would  be, 
according  to  the  above  figures,  1,015  E.H.P.  input  to  motors 
=  760  kilowatts.  The  lighting  of  the  ship  would  involve 
50  kilowatts,  and  the  searchlights — if  it  be  conceivable  that 
all  this  mechanism  could  be  employed  at  night  when 
searchlights  were  wanted — a  further  50  or  60  kilowatts. 
But,  taking  into  account  the  fluctuating  demands  of  current 
made  by  tlie  motors,  and  the  fact  that  it  is  hardly  physically 
possible  for  everything  to  be  working  at  the  top  of  its  load 
at  precisely  the  same  instant,  about  600  kilowatts  output 
would  meet  all  requirements  and  cover  distributing  losses, 
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while  800  to  850  kilowatts  installed  in  the  ship  would  leave 
an  ample  margin  of  spareplant  in  all  ordinary  circumstances. 

Now  this  is  an  equipment  not  at  all  unlikely  to  be  called 
for  in  the  future.  It  will  not  come  all  at  once,  but  it  may 
come  sooner  than  many  would  allow.  What  should  be  the 
arrangement  of  plant  and  system  to  successfully  cope  with  it  ? 

It  seems  clear  that  an  installation  of  800  kilowatts  is  not 
to  be  provided  by  the  multiplication  of  50 -kilowatt  sets. 
Yet  it  will  always  be  desirable  for  battleships  to  carry  a 
few  sets  of  50-kilowatt  size — (a)  for  lighting  and  ventilation 
when  nothing  else  is  doing ;  (6)  for  working  searchlights ; 
(c)  for  regulation  of  turret  and  steering  motors,  should  that 
method  not  be  superseded  by  something  better.  But  after 
200  or  300  kilowatts  are  reached,  it  would  be  wise  to  intro- 
duce sets  of  150  or  200  kilowatts  capacity — the  latter  for 
preference.  Then  for  an  8oo-kilowatt  installation  we  might 
well  have  three  sets  of  200  kilowatts  each  and  four  sets  of  50 
kilowatts,,  there  being  enough  sets  of  each  size  to  form  an 
efficient  reserve.  It  would  be  most  undesirable  to  intro- 
duce a  lot  of  intermediate  sizes. 

In  regard  to  the  electrical  system  to  be  employed  for 
distribution,  two  questions  at  once  arise — (a),  whether 
continuous  currents  should  be  employed  throughout,  or 
whether  polyphase  currents  should  be  introduced  for  the 
motors ;  (b)  whether  the  existing  standard  of  80  volts 
should  be  retained. 

(a)  In  view  of  the  fact  that  machinery  on  board  ship 
gets  very  little  attention,  it  has  been  urged  that  polyphase 
motors  should  be  used  on  ship-board,  because  they  do  aw^ay 
at  once  with  all  commutator  troubles.  But  it  is  to  be  urged 
that  well-built  modern  continuous-current  motors  give  next 
to  no  trouble  at  the  commutator,  and  that  even  the  poly- 
phase motors  would  require  collecting  rings  and  starting 
resistances.  But  the  chief  objections  to  the  introduction  of 
polyphase  machines  on  board  ship  are  the  disadvantage  of 
having  two  systems  of  distribution  in  the  ship,  and  the 
introduction  of  the  third  cable.  Possibly  the  relative 
advantages  and  disadvantages  are  pretty  evenly  balanced. 
At  any  rate,  polyphase  motors  have  actually  been  introduced 
by  the  Austrian  Navy  on  their  coast  defence  ships  "  Buda- 
pest," "Wien,"  and  *' Monarch,"  the  currents  being  generated 
by  composite  machines  which  give  continuous  currents  from 
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a  commutator  on  one  end  and  three-phase  currents  from 
collecting  rings  at  the  other  end  of  the  armature. 

(b)  The  question  of  the  voltage  standard  is  of  greater 
difficulty.  800  kilowatts  at  80  volts  means  10,000  amperes 
to  distribute,  which  represents  a  very  formidable  amount  of 
cable  work.  If  the  pressure  were  doubled,  the  currents 
would  be  at  once  reduced  to  5,000  amperes  and  the  saving  in 
weight  and  cost  of  cables  would  be  material.  The  United 
States  battleships  "Kearsarge"  and  "Kentucky"  are  wired 
on  the  three-wire  system  with  160  volts  between  the  outers. 
The  motors  are  in  general  arranged  on  the  i6o-volt  mains, 
though  a  connection  is  usually  taken  from  the  middle  wire 
to  provide  for  changes  of  speed  by  switching  the  motor  on 
to  the  low-voltage  mains.  Searchlights  and  incandescent 
lamps  are  arranged  on  either  side  of  the  system  to  make  an 
approximate  balance,  as  is  usual.  The  results  of  experience 
in  these  ships  will  be  watched  with  great  interest.  The 
author  is  a  little  diffident  as  to  the  introduction  of  a  three- 
wire  system  on  board  ship,  and  would  rather  prefer  a  direct 
circuit  of  160  volts  for  both  lamps  and  motors.  Indeed, 
having  got  so  far,  one  might  as  well  accept  the  200 -volt 
standard  at  once.  Searchlights  in  such  an  installation  could 
be  operated  with  very  little  complication  through  "series- 
parallel"  switches,  which,  in  the  one  position,  would  put  two 
searchlights  in  series,  and  in  the  other  position  put  each 
searchlight  on  separate  circuit  on  the  mains,  with  the  addi- 
tion of  a  resistance  capable  of  absorbing  the  remaining  volts. 
With  automatic  lamps,  this  should  be  quite  feasible,  and  any 
difficulty  attending  the  use  of  so  large  a  resistance  as  Avould 
regulate  the  arc  down  from  160  or  200  volts  would  probably 
be  less  than  the  difficulty  of  maintaining  a  balance  of  voltage 
on  the  two  sides  of  the  three-wire  system  when  the  search- 
lights worked  intermittently,  if  that  system  were  used.  Of 
course  the  use  of  200  or  even  160  volts  generally  would 
impose  a  greater  strain  on  the  insulation  of  the  cables  and 
fittings  than  is  now  experienced,  and  would  require  some 
improvements  in  the  design  of  fittings  established ;  but 
there  are  no  serious  difficulties  here.^ 

Instead   of   the  Tree  system   of   wiring   as   at   present 

'  Between  the  dates  of  printing  and  of  reading  the  paper,  the  Admiralty 
issued  a  circular  to  the  effect  that  ico-volt  dynamos  would  be  used  instead  of 
80  volts  in  future  ships,  beginning  with  some  laid  down  in  1899. 
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adopted,  all  the  main  cables  should  be  run  in  rings  round 
the  several  decks  back  to  the  switchboard ;  through  con- 
necting boxes  being  provided  at  intervals  of  lOo  feet  or  so, 
for  rapid  disconnection  and  testing.  With  such  an  arrange- 
ment a  circuit  might  be  injured  or  shot  away  in  any  place 
without  affecting  the  main  supply  of  current.  Separate 
ring  mains  for  lights,  searchlights,  and  motors  should,  of 
course,  be  used  with  throw-over  switches  to  connect  one  to 
the  other  on  special  occasions.  It  would  be  desirable  to 
divide  the  main  switchboard  into  two  parts  in  the  machinery 
room,  connected  together  by  switches  which  would  form  the 
closing  links  of  the  ring  mains,  the  object  being  to  avoid  the 
possibility  of  a  total  breakdown  by  fire  at  the  main  switch- 
board, which  always  exists  when  all  the  cable  connections 
go  through  one  narrow  neck.  Of  course  all  the  casings  and 
other  woodwork  now  used  about  switchboards  should  be 
rigorously  abolished.  The  cable  distribution  should  be 
expressly  taken  into  account  and  allowed  for  in  the  design 
of  the  ship,  proper  trenches  or  culverts  being  provided  for 
the  cables.  At  present  no  such  provision  is  made,  and  it  is 
often  a  matter  of  considerable  difficulty  to  find  suitable  runs, 
especially  where  cables  have  to  pass  watertight  doors  and 
the  like. 

Returning  now  to  the  generators,  the  question  arises  as 
to  the  possibility  of  providing  the  necessary  weight  and 
space.  800  kilowatts  in  generators  of  the  existing  type  with 
double-acting  engines,  at  speeds  of  about  400  revolu- 
tions per  minute,  would  involve  with  steam  and  exhaust 
connections  about  80  tons.  This  is  the  only  increase 
in  weight,  as  the  motor  weights  balance  out ;  the  addi- 
tional weights  mentioned  in  the  detailed  descriptions  of 
the  motors  above  being  counterbalanced  by  the  saving 
which  would  be  effected  in  the  turrets  if  electrical  machinery 
were  substituted  for  hydraulic  for  gun  working.  The  weight 
of  the  main  hydraulic  equipment,  25  tons,  is  a  credit  against 
the  generator  weights.  There  would  indeed  be  a  slight 
saving  in  the  weight  of  distributing  cables  and  switchboards 
as  compared  with  the  auxiliary  steam  and  exhaust  pipes  now 
required  for  the  services  in  question,  but  it  would  not  be 
much.  Approximately  55  tons  of  additional  weight,  then, 
has  to  be  carried.  In  discussing  the  question  of  coal  con- 
sumption, it  was  shown  on  the  figures  there  stated  that  the 
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substitution  of  electricity  for  steam  for  all  the  auxiliary 
services,  would  result  in  the  saving  of  262  tons  of  coal  for 
every  25  days'  steaming.  This  figure  was  calculated  upon 
data  assumed  to  represent  the  best  possible  conditions. 
Some  of  the  engine-  and  boiler-room  pumps  have  been 
assumed  to  remain  steam-driven,  but  if  electric  driving  be 
applied  to  the  services  enumerated  and  if  only  one-half  or 
one-third  of  that  estimated  saving  were  realised,  there  would 
still  exist  a  strong  primd  facie  case  for  the  adoption  of  elec- 
trical power. 

The  weight  of  generators  might  be  materially  diminished 
by  the  employment  of  single-acting  engines  driving  dynamos 
at  higher  speed,  and  still  more  by  the  adoption  of  turbine- 
driven  sets ; — the  weight  of  the  units  mentioned  could  be 
done  with  Parsons  turbo-generators,  including  condensers 
for  about  60  tons.  Single-acting  engines  and  turbines 
have  both  been  used  in  the  Navy ;  unfortunately  both  have 
failed,  and,  as  a  consequence,  both  are  at  present  looked 
somewhat  askance  at  for  the  purpose.  They  require  dry 
steam :  hence  one  of  the  principal  sources  of  difficulty  in 
the  old  arrangement,  but  one  that  should  not  occasion  much 
trouble  in  the  new.  This  consideration,  coupled  with  the 
very  great  improvements  that  have  been  made  in  both  since 
the  days  when  they  were  used  in  the  navy,  may  bring  them 
into  service  again. 

The  space  required  for  the  generators  for  the  power 
mentioned  would  lie  between  800  and  1,000  square  feet, 
whichever  of  the  three  systems  be  adopted.  It  is  not  easy 
to  find  this  room  in  an  existing  battleship ;  but  on  the 
hypothesis,  the  main  hydraulic  engines  would  not  be  wanted, 
and  the  space  occupied  by  these  two  rooms  would  be  avail- 
^able.  If  in  consequence  of  savings  on  account  of  efficiency 
less  coal  were  carried,  though  a  saving  of  weight  would  be 
appreciated,  little  space  would  be  added  for  the  purpose  of 
generators.  Possibly  the  change  to  electric  driving  might 
be  carried  out  in  conjunction  with  some  other  change  in 
the  disposition  of  the  matiriel  in  the  ship.  For  example  : 
there  are  not  wanting  critics  who  consider  that  it  is  out  of 
place  in  these  days  for  ships  of  the  fighting  line  to  carry 
torpedoes.  Should  such  a  view  obtain  official  support,  a 
room  equivalent  to  one  of  the  existing  submerged  torpedo 
rooms  would  niake  an  ideal  generating  station.     Its  locality 
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would  be,  for  preference,  immediately  adjoining  the  forward 
boiler-room  bulkhead,  so  that  the  steam  connections  might 
be  short  and  direct. 

The  electrical  equipment  of  ships  of  war  is  the  product 
of  many  hands  and  brains.  Naval  authorities  do  not 
as  a  rule  design — they  formulate  requirements,  and  the 
engineering  experience  of  the  country  is  laid  under 
tribute  to  meet  those  requirements.  Hence  it  comes 
about  that  much  of  the  apparatus  employed  is  of  a  pro- 
prietary kind,  and  the  author  has  to  acknowledge  the  kind- 
ness of  many  firms  and  friends  who  have  allowed  him  to 
describe  their  apparatus  and  inventions.  These  have  already 
been  mentioned  by  name  in  the  paper.  He  is  also  under 
obligations  of  a  more  general  kind,  and  is  pleased  to 
acknowledge  here  his  indebtedness  to  the  Lords  of  Her 
Majesty's  Admiralty  for  permission  to  describe  parts  of  the 
equipmentof  H. M.S.  "Albion"  and  to  make  various  references 
to  Admiralty  specifications;  to  the  Naval  Attache  of  the 
Imperial  Japanese  Embassy,  for  permission  to  refer  to  the 
equipment  of  the  battleships  recently  built  in  this  country 
for  the  Japanese  Government ;  to  the  General  Electric 
Company  of  Schenectady,  U.S.A.,  for  the  photographs 
illustrating  American  apparatus ;  to  Messrs.  Sir  W.  G. 
Armstrong,  Whitworth  &  Co.,  Ltd.,  for  permission  to  include 
particulars  relating  to  the  electrical  side  of  their  naval 
ordnance  work  ;  and  to  the  Directors  of  the  Thames  Iron 
Works  Shipbuilding  and  Engineering  Co.,  Ltd.,  for  per- 
mission to  make  general  use  of  the  information  in  their 
possession. 

CnSk!"  Captain  E.  W.  Creak,  R.N. :  The  only  question   I  should  like  to 

refer  to  with  regard  to  this  paper  is  that  of  the  wiring  affecting  the 
compasses.  I  know  of  but  one  occasion  on  which  the  wiring  has 
ever  affected  the  compasses,  when  in  a  projector  the  two  arms 
which  divide  the  wires  had  the  current  passing  up  one  arm  and 
returning  down  the  other ;  the  consequence  was  that  when  the  pro- 
jector was  turned  in  one  direction  we  had  an  error  of  2°  that  way,  and 
when  it  turned  the  other  way  we  had  2°  in  the  other  direction.  The 
error  was  prevented  by  leading  both  the  wires  up  one  arm  and  making 
the  rule  that  no  projector  should  be  brought  within  9  feet  of  the  com- 
passes. There  are  two  sources  of  disturbance,  one  of  which  is  the  wires 
(but  I  do  not  think  it  has  ever  been  brought  home  to  them),  the  other, 
and  chief  binner,  is  the  dynamo.     I  have  hccn  asking  the  designers  tu 
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give  us  a  dynamo  which  shall-  not  have  an  external  field.  Those  we  Captain 
have  hitherto  used  in  the  Navy,  until  multi-polar  machines  were  intro- 
duced, have  been,  as  regards  waste  lines  of  force,  bad — the  early  ones 
very  bad  indeed,  expending  much  energy  which  might  be  used  for 
lighting  the  ship.  When  the  armour-plated  dynamo  was  introduced 
we  were  told  that,  at  lo  feet,  we  should  not  get  any  disturbance,  but 
at  this  distance  we  had  a  deflection  of  60°,  although  at  53  feet  we 
hardly  felt  it.  In  this  case  it  was  in  a  line  with  the  shafting  that  we 
got  the  disturbance.  In  another  position,  abreast,  at  a  distance  of 
28  feet,  we  still  had  an  error  of  2^°.  The  wiring  has  been  the  subject 
of  experiment  for  many  years  past.  Insulated  returns  are  used,  and 
in  early  days  it  was  determined  that  the  lead  and  return  should  always 
be  coupled  together — indeed,  you  will  find  no  ship  except  the  Polyphemus 
in  which  this  practice  has  been  departed  from. 

To  illustrate  the  possibilities  of  error  that  may  occur,  I  may  mention 
an  instance  in  which  an  officer  had  a  twin  lead  for  lighting  his  com- 
pass in  the  binnacle.  The  twin  lead  carried  away.  He  then  put  in 
two  wires  but  did  not  couple  them  together.  There  was  then  a  dis- 
turbance of  4°.  He  searched  all  over  the  ship  for  the  cause  of  the 
disturbance  till  I  happened  to  go  on  board,  when  I  found  the  lead  and 
return  wires  were  lying  loose  in  the  binnacle  :  sometimes  coming  close 
to  the  card  and  sometimes  away  from  it  ! 

Mr.  S.  EvERSHED :  Mr.  Grove's  paper  appears  to  be  one  of  great  Mr. 
value  from  two  points  of  view.  It  gives  a  good  account  of  the  ^^'*™**^**- 
transitional  position  of  the  use  of  electricity  in  the  Navy,  and  that 
account  is  necessarily  interesting  to  us  as  electrical  engineers.  But  I 
venture  to  think  it  is  also  of  interest  to  us  as  Englishmen.  We  are  glad 
to  see  that  our  own  Navy  is  not  so  far  behind  the  Navies  of  the  rest  of 
the  world.  There  is  a  prevalent  idea  that  in  the  British  Navy  every 
novelty  is  opposed  as  a  matter  of  course,  but  those  who  have  had  any- 
thing to  do  with  introducing  novelties  into  our  Navy  know  that  this  is 
not  always  the  case.  A  novelty,  it  is  true,  has  to  pass  the  ordeal  of  the 
three  great  branches  into  which  the  administration  of  the  Navy  is  divided 
— first,  the  general  administrative  branch,  then  the  constructive  branch 
(including  all  the  departments  concerned  in  designing,  building,  and 
^arming  our  warships),  and  finally,  when  it  has  got  through  these 
two  it  goes  to  sea  and  meets  with  the  executive  branch.  You  might 
call  those  branches,  for  short,  the  obstructive,  the  constructive,  and  the 
destructive.  I  do  not  use  the  term  "destructive"  in  a  derogatory 
sense  ;  in  time  of  war  it  is  the  business  of  the  naval  man  to  destroy  the 
enemy's  fleet,  and  in  times  of  peace  he  destroys  a  few  other  things. 

In  regard  to  magnetic  leakage  from  the  dynamos,  to  which  Captain 
Creak  has  referred,  I  was  aware  some  years  ago  that  it  was  proposed 
to  try  iron-clad  dynamos,  and  I  felt  perfectly  certain  it  would  be  a 
failure.  I  ventured  to  put  my  views  before  the  Admiralty  in  an  un- 
ofificial  way,  but  I  do  not  think  they  had  very  much  effect.  It  was  felt 
that  this  form  of  dynamo  ought  to  be  tried,  and  it  was  tried.  I  am 
not  at  all  surprised  to  hear  that  it  only  diminished  the  compass  error 
by  about  a  half.  The  reason  is  that,  although  you  can  to  some  extent 
stop  leakage  from  the  pole-pieces  of  a  dynamo,  you  can  never  get 
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^^'  .  entirely  rid  of  the  effect  of  the  field-coil  by  putting  iron  round  it. 

When  you  want  to  shield  a  place  from  magnetic  influences  you  must 
put  the  shield  round  the  thing  itself*  The  compasses  cannot  be 
shielded,  and  you  cannot  prevent  the  compass  being  disturbed  by 
putting  an  iron  shield  round  the  field-coil.  By-  introducing  four-pole 
dynamos,  the  Admiralty  has  found  the  true  way  out  of  the  difficulty, 
because  they  are  making  the  dynamo  astatic. 

It  is  clear, from  Mr.  Grove's  paper,  that  in  regard  to  the  applications 
of  electricity,  warships  are  in  a  transitional  stage,  and  the  next  few 
years  will  see  an  enormous  difference  in  the  manner  in  which  electrical 
work  is  carried  out  on  board  ship.  At  present,  on  examining  a  warship 
from  the  electrical  engineer's  point  of  view,  one  is  struck  with  the 
rather  casual  electrical  arrangements.  All  the  dynamos,  engines, 
cables,  and  appliances  generally,  are  of  the  best  possible  qualit>',  but 
the  manner  in  which  they  are  put  into  the  ships  rather  suggests  that 
the  whole  of  the  electrical  scheme  was  of  the  nature  of  an  after-thought. 
I  think  that  Mr.  Grove's  suggestion  of  a  power  station  on  board  each 
vessel,  or,  at  all  events,  each  first-class  cruiser  and  first-class  battleship, 
is  the  right  one.  In  a  few  years  time  we  shall  see  a  position  for  the 
central  electrical  power  station  carefully  designed  and  put  into  the 
right  part  of  the  ship  under  the  protective  deck. 

Mr.  Grove  very  truly  savs  that  the  development  of  the  warship  has 
been  the  product  of  many  minds  and  of  many  men's  work.  Most  of 
the  novelties  which  have  been  introduced  have  been  introduced  from 
the  outside,  and  my  own  part  in  the  work  has  been  in  the  direction 
of  establishing  various  communications  on  board  ship.  There  are,  as 
Mr.  Grove  points  out,  several  means  of  communication.  I  can  confirm 
what  Mr.  Grove  says  as  to  the  unsatisfactory  nature  of  voice-pipes  or 
speaking-tubes.  It  is  almost  impossible  in  many  parts  of  the  ship  to 
make  any  use  of  these  pipes.  They  exist,  but  no  one  who  has  not  an 
enormously  powerful  voice  can  make  himself  heard,  and  the  man  at 
the  other  end  can  very  rarely  hear  at  all  unless  there  is  absolute 
quiet  prevailing  To  take  an  example  :  from  the  tiller  compartment 
you  may  try  and  communicate  with  the  fore-bridge.  I  have  on  many 
occasions  had  a  bluejacket  to  speak  for  me,  and  he  has  endeavoured  to 
communicate  and  has  failed.  He  has  failed  simply  because  he  could 
not  hear  the  reply,  there  being  so  much  noise  below  even  when  the 
ship  was  in  dock  :  there  is  the  noise  of  auxiliary  engines,  or  the  steering 
engine  may  be  at  work,  and  anything  of  that  kind  completely  prevents 
any  one  from  hearing.  The  loud-speaking  telephone  will  be  a  valuable 
improvement  on  the  voice-pipe,  because  it  will  lenable  a  man  to  be 
heard  almost  as  clearly  as  though  he  were  standing  beside  one. 

In  addition  to  the  voice-pipes  on  board  a  warship  there  are,  of 
course,  various  telegraphs ;  as  Mr.  Grove  has  described,  there  are 
instruments  indicating  the  position  of  the  helm  at  various  parts  of  the 
ship,  others  for  telegraphing  to  the  engine-rooms  the  number  of  revolu- 
tions per  minute,  and  others,  again,  for  signalling  the  range  of  the  enem}% 
and  so  on.  On  the  table,  are  some  electrical  means  of  doing  all  these 
things.  Roughly  speaking,  the  electrical  means  of  communication  on 
board  ship,  for  these  purposes,  may  be  di-'ided  into  two  broad  classes ; 
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there  is  the  apparatus  which  contains  a  good  deal  of  mechanism  and  is 
worked  by  a  very  small  amount  of  electricity,  and  there  is,  secondly, 
an  apparatus  which  takes  a  good  deal  more  electricity,  but  contains 
practically  no  mechanism.  The  apparatus  which  Mr.  Grove  has 
described  shortly  on  page  564,  and  which  was  developed  by  Mr.  Richards 
and  myself  some  years  ago,  belongs  to  the  second  class.  It  consists 
practically  of  a  very  powerful  ohm-meter.  The  handle  which  forms  the 
transmitting  arrangement  simply  alters  the  resistance  in  the  circuit. 
There  is  nothing  to  get  out  of  order,  and  the  only  moving  part  of  the 
indicator  is  the  needle,  of  which  there  is  a  sketch  on  page  565.  On  tl\e 
same  page  is  a  skeleton  drawing  showing  the  construction  of  the  ohm- 
meter.  This  apparatus  can  be  worked  at  any  desired  speed,  whereas 
apparatus  of  the  kind  which  contains  a  good  deal  of  mechanism  and 
uses  a  very  small  amount  of  electricity  requires  the  introduction  of 
various  devices  in  order  to  prevent  people  working  it  too  quickly. 
Nothing  can  make  the  ohm-meter  arrangement  get  out  of  order. 
These  instruments  have  been  employed  for  the  last  eight  years  on 
some  of  the  ships,  and  so  far  not  only  have  we  had  no  failure,  but  we 
have  had  no  repairs  and  no  adverse  reports  of  any  kind  whatever.  On 
one  ship,  the  Narcissus,  the  apparatus  was  used  while  the  ship  served 
two  three-year  commissions  on  the  China  station,  and  on  the  return  to 
Portsmouth  the  apparatus  was  practically  as  good  as  new.  There  is 
on  the  table  another  apparatus,  substantially  the  same  as  the  engine- 
room  telegraph,  which  provides  a  means  for  communicating  to 
the  bridge  the  angle  at  which  the  rudder  is  placed.  The  last 
apparatus,  to  which  reference  is  made  and  which  is  not  yet  introduced, 
is  for  signalling  either  to  the  engine-room  the  revolutions  per  minute 
which  the  engines  are  to  make,  or  to  the  guns  the  range  or  any  other 
figure  which  the  gunners  require  to  know.  The  instrument  on  the 
table  is  fitted  up  as  a  revolutions  telegraph.  The  indicator  contains  as 
many  ohm-meters  as  there  are  signals,  but  they  are  all  coupled  in  series 
so  that  they  only  require  one  four-core  cable  to  work  on.  The  instru- 
ment is  read  in  the  same  manner  as  a  thermometer,  and  the  number 
of  distinct  signals,  or  digits  in  a  number,  which  can  be  shown  on  the  dial 
is  practically  unlimited. 

Mr.  R.  E.  Crompton  :  Although  I  understand  there  are  several 
oBicials  connected  with  the  Admiralty  now  present,  I  will  take  the  risk 
of  doing  as  I  did  seven  or  eight  years  ago  when  a  paper  on  the  same 
subject  was  read  before  the  Institution  of  Mechanical  Engineers  at 
their  Portsmouth  meeting,  and  that  is  to  take  the  opportunity  of  criticis- 
ing somewhat  severely  the  Admiralty  proceedings  in  regard  to  employ- 
ing electricity  in  the  navy. 

I  have  been  informed  by  Sir  William  White  that  my  Portsmouth 
remarks  were  of  some  service,  and  there  is  no  doubt  that  some  improve- 
ment has  taken  place,  but  much  more  might  be  done  if  the  Admiralty 
treated  modern  electrical  developments  in  a  serious  spirit  and  appointed 
a  staff  of  electrical  engineers  of  standing  and  experience  to  advise 
them  and  to  work  out  for  them  the  difficult  problems  that  arise  out  of 
the  complicated  arrangement  of  modern  battleships.  I  think  Mr. 
Grove's  paper  is  a  valuable  one.     He  has  laid  before  us  in  a  convenient 
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Cr^'     ton      ^o""  the  various  methods  of  employing  electrical  plant  on  board  Her 
Majesty's  ships  and  compares  it  with  what  has  been  done  in  other 
services,  and  I  think  the  meeting  will  agree  with  me  that  the  paper  is 
practically  an  indictment  of  our  Admiralty  proceedings.    The  Admiralty 
began  badly.    My  firm  were  contractors  for  the  whole  of  the  electrical 
equipment  of  the  Brazilian  warship  the  Aquidaban,    We  then  arranged 
for  the  first  time  the  general  features  of  the  modern  equipment,  that  is 
to  say,  direct-driven  dynamos,  projectors  with  mirrors  hung  on  springs, 
spring  attachments  for  incandescent  lamps  and  the  bulkhead  and  other 
light  iittings  which  have  since  become  so  familiar.    Our  work  on  the 
Aquidaban  was  inspected  on  behalf  of  the  Brazilian  Government  by  an 
Admiralty  official,  and  it  is  a  curious  thing  that,  within  a  short  time, 
from  his  office  emanated   the  first  of    Admiralty  specifications   for 
electrical  apparatus  for  naval   purposes.      In   those   specifications   a 
great  many  of  our  ideas  were  annexed,  and  from  that  date  to  this  no 
acknowledgment  has  ever  been  made  to  us.    To  take  a  concrete  case  of 
Admiralt}''  backwardness  :  for  years  past  they  have  employed  projectors 
having  long-focus  mirrors  and  inclined  hand-lamps.    The  combination 
makes  the  projector  inferior  to  those  used  by  any  Continental  Govern- 
ment.   It  has  been  long  known  that  the  only  way  to  get  a  steady  reliable 
arc  is  to  use  an  automatic  lamp  with   horizontal  carbons  and  with 
magnetic  means  of  deflecting  the  arc  flame  ;  but  with  this  form  of  lamp 
it  is  absolutely  necessary  to  have  a  short-focus  mirror ;  for  the  Admiralty 
24-in.  projector  this  focal  length  should  not  exceed  12  inches.    With 
the  -long  17-in.  focus  mirror  employed  by  the  Admiralty  the  shadow  of 
the  negative  carbon  is  so  large  that  a  considerable  percentage  of  the 
centre  of  the  mirror  is  useless.    The  result  is  that  the  beam  projected 
is  not  solid  but  tubular.    All  this  has  been  known  to  foreign  Govern-  " 
ments  and  to  our  War  Office,  who  have  long  since  adopted  the  hori- 
zontal type  with  the  short  focus. 

Then  s  regards  automatically-controlled  projectors.  These  are 
used  by  foreign  Governments.  My  own  firm  have  made  such  for  the 
Japanese  Government,  and  they  have  given  excellent  results,  but  no  use 
is  ever  made  of  this  class  of  apparatus  by  our  own  naval  authorities. 

Turning  to  the  last  and  most  important  part  of  the  paper,  namely 
whether  or  no  the  electrical  requirements  of  a  warship  should  be 
considered  much  as  we  should  consider  the  electrical  requirements  of  a 
town  supplied  from  a  central  station ;  this  was  precisely  the  subject  of 
my  remarks  at  Portsmouth,  for  which  I  was  thanked  afterwards  by 
Sir  William  White.  It  is  evident  that  the  author  of  the  paper  and  Mr. 
Evershed,  among  other  speakers,  agree  with  me,  that  this  is  the  stand- 
point from  which  the  Admiralty  should  regard  the  supply  and  distribu- 
tion of  electric  light  and  power.  It  is  evident  that  it  is  a  far  simpler 
and  better  job  to  supply  power  to  the  whole  of  the  complicated 
auxiliary  machinery  of  a  modern  battleship  from  a  central  station 
located  below  the  water  line,  the  generating  units  being  of  such  size  as 
to  be  conveniently  duplicated,  and  the  distribution  system  being  inter- 
connected and  duplictited  to  such  an  extent  as  to  render  it  impossible 
for  the  service  to  be  interrupted  at  any  point  by  damage  to  the  mains 
due  to  the  enemy's  artillery  or  torpedoes  or  by  ramming.  It  is  evidently 
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a  much  easier  and  simpler  task  to  teach  the  use  of  the  electrical  motor  crompton. 
as  a  means  of  supplying  power  for  any  convenient  purpose,  than  it  is 
to  teach  the  use  of  several  kinds  of  motors,  such  as  hydraulic,  oil 
engines,  steam  engines,  compressed-air  engines  and  the  like.  I  know 
that  my  friend  Mr.  Campbell  Swinton  will  urge  that  electric  motors 
cannot  be  arranged  to  train  heavy  guns  so  well  as  can  be  done  by 
hydraulics,  but  I  think  in  this  he  is  wrong.  He  has  not  sufficiendy 
considered  the  very  perfect  arrangement  devised  by  Mr.  Ward  Leonard 
to  which  I  called  public  attention  in  my  presidential  address  five  or  six 
years  ago.  This  very  beautiful  invention  has  not  been  used  or  under- 
stood by  engineers  nearly  as  much  as  it  ought  to  be.  It  is  certainly 
the  most  beautiful  variable-speed  torque  arrangement  that  has  yet  been 
devised,  and  I  understand  in  actual  practice  it  is  found  to  enable  guns 
to  be  trained  within  minute  fractions  of  a  degree,  in  fact  even  more 
minutely  than  can  be  done  by  hydraulic  motors.  Mr.  Grove  points  out 
with  truth  that  even  now  on  board  ship  the  electric  motor  is  looked 
upon  with  suspicion — steam  they  know,  hydraulic  power  they  know, 
but  electricity  they  do  not  know  much  about.  May  I  ask  who  are  the 
they  who  find  it  difficult  to  understand  the  modern  electric  motor  ?  I 
ask  you  gentlemen  in  this  room  which  class  of  motor  could  be  the  most 
easily  explained  to  the  average  man-of-warsman — ^the  electrical,  the 
steam,  or  the  hydraulic  motor,  and  in  actual  practice  which  breaks 
down  more  frequently  ?  I  think  every  one  will  admit  that  the  electric 
motor  is  far  superior  in  this  and  many  other  respects.  It  never  breaks 
down  suddenly  ;  if  it  is  worked  badly  it  gives  signs  of  it  by  vibration  or 
by  sparking  at  the  brushes,  and  the  fault  can  be  readily  taken  in  time 
and  remedied  ;  but  with  other  mechanical  motors  the  breakdowns  that 
do  occur  are  generally  sudden  and  likely  to  occur  just  at  the  time  when 
they  may  be  of  most  serious  consequence.  Again  as  to  the  liabilities 
of  heavy  maintenance  charges  of  electric  as  compared  with  hydraulic 
motors.  We  have  a  ready  means  of  comparison  in  the  case  of  these  in 
the  shape  of  hydraulic  lifts  as  compared  with  electric  lifts  in  private 
houses.  I  have  had  a  hydraulic  lift  in  my  own  house  under  my  own  eyes 
for  the  past  ten  years,  and  I  can  say  with  confidence,  that  what  with 
the  packing  of  glands,  refacing  valves,  and  other  matters  peculiar  to 
hydraulic  systems,  my  hydraulic  lift  has  taken  ten  times  the  attention 
that  would  have  been  necessary  if  it  had  been  an  electric  one.  Of 
course,  the  other  matters  of  repair,  such  as  the  wear  and  tear  of  ropes, 
lubrication  of  guides,  etc.,  are  common  to  both  systems,  and  therefore, 
in  comparing  them  we  have  only  to  compare  the  hydraulic  system  of 
providing  power  with  the  electric  system. 

As  regards  working  searchlights  with  200-volt  circuits,  I  think  the 
proper  way  of  doing  this  is  by  rotating  transformers.  I  observe  that 
on  the  last  page  of  his  paper  Mr.  Grove  states  that  engines  and 
turbines  have  both  been  used  in  the  Navy  and  have  unfortunately 
failed,  and  as  a  consequence  both  are  looked  somewhat  askance  at  for 
the  purpose.  I  think  it  is  well  known  in  this  room  why  the  single- 
acting  engine  failed  in  the  Navy.  There  must  be  something  wrong 
when  the  single-acting  Willans  engine,  which  has  been  such  a  great 
success  for  all  central  stations  for  the  supply  of  electricity,  was  found 
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inapplicable  for  naval  purposes.  The  reason  why  these  engines  were 
not  acceptable  in  the  Navy  is  not  a  creditable  one,  and  the  less  that 
is  said  about  it  the  better. 

Mr.  A.  E,  Richards  :  The  paper  under  discussion,  although  termed 
"  Electricity  on  Warships,"  deals  naturally  very  fully  with  the  practice 
in  British  warships,  and  it  is  some  satisfaction  to  all  those  who  have 
been  associated  with  this  work  to  find  that,  in  comparing  our  system 
of  electric  lighting  with  the  system  in  foreign  navies,  Mr.  Grove  states 
that  "  none  of  these  methods  appear  to  be  so  safe  and  so  thorough  as 
the  British  Admiralty  method  of  lead-covered  cables,  closely  packed 
together,  and  visible  and  accessible  throughout  their  length."  This 
opinion  is  all  the  more  valuable  coming  from  a  gentleman  who  is  one 
of  the  very  few  who  have  had  practical  experience  with  this  branch  of 
the  profession.  The  following  remarks  on  the  details  of  the  paper  are 
intended  rather  to  be  supplementary  to  the  mass  of  information  so 
carefully  collected  by  Mr.  Grove,  than  to  be  critical. 

The  British  Admiralty  practice  as  regards  generating  plant  is  fully 
described,  and  it  is  stated  that  the  temperature  clause  of  the  American 
specifications  is  50°  F.  as  against  70°  F.  of  our  service ;  this  is  interest- 
ing because,  when  this  Admiralty  specification  for  dynamos  was  first 
published,  it  was  discussed  and  fully  criticised  at  a  meeting  of  this 
Institution,  and  strong  views  were  expressed  as  to  the  low  temperature 
permitted.  Experience  has  fully  justified  the  temperature-rise  adopted 
in  the  specification,  and  I  may  state  that  of  all  the  dynamos  (1,000 
sets,  amounting  to  nearly  30,000  E.H.P.)  purchased  by  the  British 
Admiralty  under  this  specification,  I  have  known  only  of  one  case,  in 
the  very  early  days,  where  the  electric-light  machinery  has  had  to  be 
removed  in  consequence  of  defective  dynamos.  Dynamos  have  worn 
out  their  engines,  and  engines  and  dynamos  have  survived  the  main 
machinery,  and  we  have  now  in  working  order  on  our  ships  several 
sets  of  electric-light  machinery  originally  fitted  in  ships  as  far  back 
as  1886,  but  now  removed  and  fitted  in  other  ships.  This,  I  think, 
settles  the  question  of  the  durability  of  electric  machinery.  It  is, 
perhaps,  somewhat  unfortunate  that  electric  power  should  have  been 
first  introduced  into  \yarships  for  lighting  purposes,  as  any  slight 
hitch  is  at  once  evident  to  every  one  from  admiral  to  cook,  and  no 
matter  to  what  (engines,  boilers,  etc.)  this  hitch  was  due,  it  was  at  once 
put  down  to  the  electrical  arrangements  being  unreliable. 

Mr.  Grove  refers  to  the  disturbing  influence  of  dynamos  on  com- 
passes, and  makes  a  remark  which  might  be  construed  to  mean  that 
this  is  a  recent  discovery.  Very  far  back,  however,  certainly  before 
1884,  experiments  were  carried  out  on  H.M.  ships  which  left  no  doubt 
as  to  this  effect  on  compasses,  and  in  1886  experiments  were  made  on 
H.M.S.  Northampton  to  determine  accurately  this  effect.  The  increase 
in  the  powei*  of  dynamos  in  modern  ships  and  the  alterations  in  the 
compass  arrangements  has  made  this  question  prominent  lately  ;  but 
as  regards  the  Admiralty  service,  no  difficulty  has  been  found  in 
correcting  any  effect  of  this  nature. 

As  regards  Mr.  Grove's  remarks  on  the  details  of  our  fittings,  the 
lampholder    was    introduced    at    a    time  when  lanipholders  were  a 
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monopoly;    the  cost  was  2d.  as  compared  with  2S.,  and  there  are  Rjchaf^s. 
probably  500,000  of  these  in  use  in  our  own  and  foreign  navies,  and 
experience  of  many  years  shows  that  the  slight  difficulties  anticipated 
by  Mr.  Grove  are  unimportant  in  practice. 

With  reference  to  parallel  working  of  dynamos,  this  of  course 
presents  no  difficulty,  and  if  any  large  extension  of  electrical  appli- 
ances be  adopted  in  H.M.  Navy,  it  will  no  doubt  be  done.  The 
searchlights,  as  the  writer  remarks,  form  an  important  feature  in 
the  armament  of  warships,  and  the  Admiralty  Projector  has  been 
severely  criticised  by  Mr.  Crompton,  and  I  think  Mr.  Crompton's 
remarks  show  plainly  that  it  would  be  very  risky  to  allow  such 
important  questions  as  the  electrical  equipment  of  warships  to  be 
dealt  with  solely  from  the  electrical  engineer's  point  of  view. 

Mr.  Crompton  says,  use  short-focus  mirrors  ;  but  all  our  experience 
shows  that  with  a  shorter  focal  length  than  we  at  present  use,  the 
mirror  invariably  cracks.  Mr.  Crompton  advocates  electrically  con- 
trolled projectors  and  automatic  lamps.  The  experience  of  the 
Americans  in  their  late  war  is  as  follows  :  "  The  automatic  controlling 
devices  of  searchlights  were  totally  useless  in  action,  and  all  these 
devices  are  being  removed.  When  a  steady  beam  of  light  is  demanded, 
the  automatic  lamp  mechanism  fails  to  meet  the  requirements,  and  it 
has  been  found  necessary  to  feed  the  carbons  by  hand."  This 
American  war  experience  agrees  very  closely  with  the  conclusions 
arrived  at  by  our  officers,  who  have  conducted  an  immense  number  of 
trials  with  all  sorts  of  such  appliances.  Further,  as  regards  Mr. 
Crompton's  remarks  as  to  the  Aquidaban,  although  I  have  been  con- 
nected with  this  branch  of  the  work  at  the  Admiralty  for  many  years 
and  practically  the  whole  of  the  present  specifications  have  been  drawn 
up  by  me,  I  have  absolutely  no  knowledge  of  what  was  done  by  Mr. 
Crompton  on  that  vessel,  and  I  am  sure  that  our  present  system  has 
nothing  in  common  with  the  system  on  that  vessel. 

I  notipe  on  page  547  a  little  fitting  for  automatically  indicating  when 
bow  lamps  are  burning ;  this  fitting  shows  the  suspicion  of  unreliability, 
which  electrical  appliances  always  meet  in  ships,  and  in  the  very  early 
days  (1884)  ^  similar  fitting  was  fitted  to  the  bow  lights  of  H.M.S. 
CrocodilCy  but  it  was  found  that  the  bow  lamps,  properly  fitted,  did  not 
fail,  and  the  arrangement  was  abolished. 

The  general  system  of  communication  discussed  is  that  at  present 
used  in  the  British  service,  and,  although  it  is  now  simple  and  effi- 
cient, the  fittings  being  reduced  to  a  bell-indicator  and  push,  this 
system  has  not  been  arrived  at  without  an  immense  number  of 
experiments.  Trials  have  been  made  for  years  with  all  sorts  of  tele- 
phones and  instruments,  but  they  have  not  proved  satisfactory.  I  am, 
however,  pleased  to  say  we  have  at  last  arrived  at  what  I  hope  will  be 
an  entirely  satisfactory  telephone,  that  by  Mr.  Graham,  and  I  am  sure 
Mr.  Graham  will  readily  admit  the  assistance,  in  developing  this  instru- 
ment, he  has  received  from  the  Admiralty  service. 

With  reference  to  electric  telegraphs,  we  have  had  endless  trials  of 
all  sorts  of  instruments  for  this  purpose.  These  instruments  invariably 
give  satisfactory  results  at  first,  but  quite  fail  to  stand  the  strain  of  sea 
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Richards.  scfvice,  and  ordinary  electrical  instruments  are  entirely  useless  on  ship- 
board. The  telegraph  instruments  on  the  table  Mr.  Evershed  has 
described,  and  also  gives  some  information  as  to  the  length  of  time 
these  instruments  have  stood  the  test  of  sea  service,  which  is  creditable 
to  the  makers  ;  but  as  the  circuits  and  fitting  up  of  these  instruments 
were  carried  out  by  the  Dockyards,  this  is  also,  at  least,  a  slight  testi- 
monial to  the  excellence  of  the  electrical  work  done  in  these  establish- 
ments. I  may  add  that  the  American  experience  of  all  delicate  electrical 
instruments,  either  as  telegraphs,  range-finders,  or  telephones,  is  very 
decidedly  against  their  use. 

Coming  now  to  that  part  of  the  paper  dealing  with  electric  power, 
the  writer  does  not  propose  to  fit  motors  to  the  auxiliary  machinery 
co-operating  with  the  main  machinery,  in  deference  to  present  engineer- 
ing opinion.  This  really  means  that  the  only  electrical  machinery  for 
continuous  working  will  be  the  fans,  which  are  a  very  easy  and  suitable 
application  of  electrical  power  ;  these  are  already  largely  used  in  H.M. 
Navy,  and  in  future  the  whole  of  the  fans  for  ship  ventilation  will  be 
electrically  driven,  the  fans  for  engine  and  boiler  rooms  being  for  the 
present  steam  driven. 

Now  as  to  the  application  of  electric  power  to  working  guns,  upon 
this  the  general  question  of  the  application  of  electrical  power  will  be 
largely  decided,  as  it  would  not  be  practicable  to  fit  a  ship  with 
hydraulic  power  for  guns  and  electric  power  for  other  purposes.  It 
will  be  necessary  as  a  first  step  to  convince  those  officers  who  have  the 
practical  working  and  management  of  the  guns,  and  who  are  responsi- 
ble for  the  fighting-efficiency  of  the  ships,  that  electric  power  is  more 
satisfactory  than  the  present  hydraulic  system  (the  experience  of  the 
American  Navy  does  not  favour  this  view) ;  and  I  may  state  that  no 
electrical  or  gunnery  fittings  are  allowed  to  be  fitted  in  our  ships 
without  having  first  undergone  satisfactory  trials  by  those  officers  who 
will  have  to  use  them  at  sea.  As  far  back  as  1894  H.M.S.  Barjieur  was 
fitted  with  electrical  arrangements  for  working  her  lo-inch  guns,  and 
these  arrangements  were  so  satisfactory  that  the  three  vessels  Barfleur, 
Centurion  and  Renown  were  fitted  with  an  electrical  system  for 
working  their  ammunition-hoists,  and  these  have  been  entirely  satisfac- 
tory. The  Capitan  Prat  is  mentioned  by  Mr.  Grove  as  a  beautiful 
example  of  the  application  of  electric  power,  but  I  am  afraid  that  in 
H.M.  Navy  it  would  be  preferred  to  carry  the  one  or  two  men  necessary' 
to  train  the  turret,  rather  than  fit  electric  motors  for  this  purpose.  I 
quite  agree  with  Mr.  Grove  that  all  the  operations  he  describes  can  be 
efficiently  carried  out  by  electric  power ;  but  I  am  not  prepared  to 
admit  any  advantage  in  weight.  An  entirely  new  arrangement  of 
warship  design  would  be  necessary  ;  in  fact,  gun-mountings,  turrets, 
etc.,  would  have  to  be  designed  specially  for  this  purpose,  and  it  would 
amount  to  designing  the  ship  round  a  central  station.  At  present  we 
have  to  take  the  ships  as  we  find  them,  and  make  the  best  arrangements 
possible. 

I  do  not  propose  to  follow  Mr.  Grove  in  his  calculations  as  to  the 

effect  of  the  adoption  of  electric  power  generally  on  a  battleship,  as 

■^  the  modifications  are  so  extensive  that  to  obtain  really  reliable  data 


Digitized  by  LjOOQ  IC 


1900.] 


DISCUSSION. 


611 


it  would  be  necessary  to  design  a  ship,  as  it  is  not  only  necessary  Mr. 
to  provide  space  and  weight  for  the  necessary  electric  power,  but 
the  general  effect  of  the  altered  conditions  must  be  considered.  As 
an  illustration  of  this,  when  it  was  decided  to  use  electrical  fans  for 
ship  ventilation,  it  was  found  necessary  completely  to  alter  the  usual 
system  of  ventilation,  and  instead  of  a  few  large  fans  5  to  6  feet 
diameter,  to  use  a  number  of  much  smaller  fans. 

Mr.  Grove,  on  page  602,  remarks  that  Naval  authorities  do  not  design. 
I  am  pleased  to  say,  however,  that  the  whole  of  the  fittings  exhibited 
here  to-night,  with  the  exception  of  one  or  two  patented  articles,  have 
been  designed  in  H.M.  Service,  although  used  very  extensively  for 
foreign  warships. 

The  Admiralty  requirements  for  electric  fans,  boat-hoists,  and  cap- 
stans are  given  in  this  paper,  and  I  conclude  my  remarks  by  giving  the 
results  of  act<ual  trials  with  these. 

Fa/L — Centrifugal,  2  ft.  diameter.  Output,  1,500  cu.  feet  of  air  per 
minute  at  2  ins.,  water  gauge.  Revolutions,  900.  Current,  1 1 
amps. ;  volts,  80. 

Electric  Boat-hoist, — Weight  of  hoist,  including  motor,  drum,  gearing 
and  controlling  gear  and  resistance  =6^  tons.  Revolutions  of 
motor,  650.  Gearing,  worm  and  wheel,  then  pinion  and  spur 
wheel ;  total  reduction,  150  to  i.  Weight  lifted,  8 J  tons  through 
15  ft.,  in  16  seconds.    Current  taken  ^  450  amps.  ;  80  volts. 

Electric  Capstan. — ^Weight  of  capstan,  motor,  gearing,  and  control- 
ling gear  =  12  tons.  Revolutions  of  motor,  450.  Gearing,  worm 
and  wheel,  then  spur  and  pinion*.  Weight  lifted  =  15  tons 
through  5  ft.  in  12  seconds.    Current  taken,  400  amps.  ;  80  volts. 


Mr.  A.  A.  C.  SwiNTON  :  I  wish  to  say,  to  begin  with,  that  I  do  not 
agree  with  all  that  Mr.  Crompton  has  said.  He  has,  I  know,  given  a 
great  deal  of  attention  to  these  matters,  but  so  far  as  electric  lighting 
of  warships  is  concerned  I  think  I  may,  perhaps,  claim  equal  ex- 
perience. My  very  tirst  electrical  experience  was  entirely  con- 
nected with  the  electric  lighting  and  electric  arrangements  of  ships 
of  war,  and  I  spent  about  five  years  doing  nothing  else.  My  view 
of  the  matter  is  that,  up  to  a  certain  point,  the  use  of  electricity 
for  the  distribution  of  power  in  a  ship  is  very  advantageous,  but  that 
it  is  not  applicable  in  all  cases.  I  think,  more  especially  with  regard 
to  the  training  of  large  guns,  that  hydraulic  power  is  very  much 
better.  The  training  of  large  guns  demands  slow,  steady  motions, 
and  these  can  be  obtained  by  hydraulic  means  with  extraordinary 
precision  in  a  way  that  I  do  not  think  can  ever  result  from  the 
application  of  any  kind  of  mechanism  in  which  there  are  rapidly 
revolving  parts.  With  rapidly  revolving  parts,  such  as  are  necessary 
with  a  motor,  there  must  be  introduced  the  effects  of  momentum,  and 
there  must  be  great  complication  of  gearing  and  the  use  of  brakes  and 
all  manner  of  appliances  in  order  to  reduce  the  speed  and  to  get  the 
gun  to  stop  at  the  exact  place  required.     Hydraulic  machinery  is 
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exceedingly  well  suited  fop  that  particular  purpose,  and,  although  I 
am  chiefly  an  electrical  engineer,  I  consider  that  it  would  be  just  as 
reasonable  to  try  and  work  a  forging  press  with  an  electric  motor  as 
to  apply  electricity  to  the  working  of  a  large  gun.  Mr.  Crompton 
made  a  point  of  the  liability  of  hydraulic  machinery  to  be  injured  by 
frost.  I  do  not  think  that  this  is  found  in  practice  to  be  a  serious 
trouble  on  board  ship.  Anyway,  hydraulic  machinery  cannot  well  be 
injured  by  damp  or  by  salt  water,  which  is  more  than  can  be  said  for 
electrical  machinery,  while  it  is  easier  to  keep  things  on  board  ship 
warm  than  it  is  to  keep  them  dry.  No  doubt,  as  suggested  by  Mr. 
Crompton,  there  would  be  less  for  the  engineers  to  learn  if  everything 
was  done  electrically,  and  hydraulic  machinery  could  be  entirely  dis- 
pensed with.  I  would  point  out,  however,  that  even  if  electricity  were 
applied  throughout  for  all  the  purposes  for  which  it  is  possible  to  use 
it,  hydraulic  arrangements  would  still  be  necessary  for  absorbing  the 
recoil  of  the  guns.  For  this  purpose,  at  any  rate,  the  use  of  hydraulic 
cylinders  is  practically  essential. 

Mr.  Grove,  in  his  paper,  has  referred  to  the  use  of  single-acting 
engines  and  steam  turbines  on  board  a  ship.  Mr.  Crompton  has  said 
something  on  the  subject  of  single-acting  engines,  and  I  should  like  to 
add  a  word  about  turbines,  because  I  was  perhaps  the  first  to  put 
turbines  for  electrical  purposes  on  board  a  warship — in  the  case  of  the 
Blanca  Encalada,  which  was  sunk  in  the  Chilian  War.  During  the  period 
I  was  at  Elswick  we  put  a  large  number  of  turbines  into  warships, 
and  they  worked  exceedingly  successfully.  After  that  the  Admiralty 
adopted  them,  and  in  a  conversation  with  Mr.  Parsons,  whose  turbines 
they  employed,  I  asked  him  to  what  he  attributed  the  fact  that  the 
Admiralty  did  not  continue  to  use  them.  We  discussed  the  matter, 
and  we  agreed  as  to  the  reasons.  First  of  all,  steam  turbines  are 
not  well  suited  for  the  small  powers  such  as  were  then  used  in 
ships,  as  it  is  very  difticult  to  make  small  turbines  economical.  "When 
you  get  to  the  larger  sizes  it  is  of  course  a  different  matter.  Another 
thing  was  that,  in  those  days  at  any  rate,  the  electrical  part  of  the 
equipment  of  a  ship  was  a  very  small  proportion  of  the  whole,  and 
it  was  difficult  to  get  the  engineers  to  take  sufficient  pains  to  learn 
the  details  of  a  new  machine  which  they  only  considered  a  very  small 
part  of  their  business.  Thirdly,  in  some  cases,  these  turbines  were 
placed  transversely,  across  the  ship,  instead  of  being  placed  longi- 
tudinally, as  they  should  have  been.  With  turbines  placed  transversely, 
and  running  at  very  high  speeds,  there  is  a  very  heavy  strain  and 
danger  of  injury  to  the  turbine,  owing  to  gyroscopic  action  when  the 
ship  rolls. 

'  In  conclusion,  I  should  like  to  say  that  in  my  opinion  this  Institution 
is  very  much  indebted  to  Mr.  Grove  for  his  very  valuable  and  com- 
prehensive paper,  the  first  one,  I  believe,  we  have  had  upon  a  very 
important  subject. 

Mr.  G.  C.  Allingham  :  It  would  be  very  interesting  if  we  could  have 
a  few  more  particulars  as  to  how  the  lead-covered  wires  stand  on  board 
bhip.  One  speaker  has  told  us  that  he  thinks  lead-covered  wires  ought 
to  last  as  long  as  the  ship.    That  hardly  agrees  with  what  we  are  told 
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by  some  landsmen,  especially  fire-office  mspectors,  who  tell  us  tales  of  ^^f;  ^ 
how  lead-covered  wire  rots  away,  asserting  that  if  lead-covered  wire 
is  run  in  the  damp  cellar  of  a  house  the  covering  is  sure  to  drop 
to  pieces  within  eighteen  months  or  so.  But  as  the  Admiralty  has 
used  lead-covered  wires  for  a  long  time,  and  still  continues  to  use 
them,  they  must  have  lasted  pretty  well,  and  one  may  fairly  assume 
that  the  test  is  a  severe  one.  It  might  also  be  of  interest  to  know 
whether  wires  or  cables  with  fibrous  insulation  have  been  tried  at  all 
on  board  ship.  The  tendency  of  practice  with  street  mains  nowadays 
is  to  abandon  vulcanised  indiarubber  insulation  in  favour  of  fibrous 
insulation,  and  the  same  trend  of  practice  is  appearing  in  house- 
wiring.  -I  should  like  to  know  also  whether  twin  cables  have  been 
tried  for  wiring  ships.  Twin  cables  would  have  several  advantages 
over  single  cables;  they  would  require  only  half  the  fixing;  there 
would  be  only  half  the  number  of  cables  near  switchboards  and  in  such 
crowded  places  as  is  shown  in  Fig.ii  in  the  paper,  and  there  would  be 
only  half  the  number  of  watertight  glands  in  the  bulkheads  and  in  the 
distributing  boxes  and  fittings.  Twin  cables  have  also  the  advantage 
of  being  safer  than  two  separate  wires,  for  any  fault  in  a  twin  cable 
soon  develops  into  a  dead  short  circuit,  blows  the  fuse  and  cuts  itself 
out.  A  disadvantage  of  twin  cables  is  that  at  least  one  conductor  in 
each  cable  would  have  to  cross  over  or  behind  the  insulating  base  in 
the  distributing  board  to  reach  the  opposite  pole,  but  this  could  be 
easily  provided  for  by  making  the  boxes  a  little  deeper,  so  as  to  allow  a 
space  of,  say,  J  in.  between  the  insulating  base  and  the  bottom  of  the 
box  for  the  wires  to  cross.  None  of  the  wires  need  cross  each  other 
inside  the  box,  nor  need  any  of  the  cables  cross  each  other  outside  the 
box  ;  with  single  cables,  on  the  other  hand,  the  cables  must  cross  each 
other  outside  the  boxes,  and  this  is  a  disadvantage  which  I  think  might 
fairly  be  set  off  against  the  one  I  have  mentioned. 

Mr.  Evershed  has  referred  to  the  importance  of  working  instruments 
as  far  as  possible  from  the  lighting  or  power  mains,  and  not  from  primary 
batteries.  In  the  paper  we  see  that  the  torpedo-firing  circuits  arc 
worked  by  two  batteries  in  parallel  at  one  place,  and  another  high- 
resistance  battery  somewhere  else ;  there  appears  to  be  a  battery  on 
every  gun,  and  there  are  more  batteries  for  telegraphs,  telephones,  and 
so  on.  All  these  primary  batteries  must  be  a  great  nuisance,  and  I 
venture  to  suggest  that  all  the  instruments  and  circuits  on  a  battleship 
should  be  designed,  if  possible,  to  be  worked  off  the  mains  ;  or  in  cases 
where  it  would  be  absolutely  impossible  to  work  them  direct  off  the 
mains,  as  with  telephones,  they  might  be  worked  with  accumulators, 
charged  off  the  mains. 

Mr.  A.  J.  Law,son  :  One  point  mentioned  by  Mr.  Grove  to  which  I  Mr.  La^%-son. 
wish  to  direct  attention  is  the  great  length  of  steam-piping  for  the 
lighting  engines  of  ships  of  war,  which  are  apparently  placed  all  over 
the  vessel,  and  the  wastefulness  of  this  practice.  Many  years  ago,  so 
far  back  as  1884  and  1885,  I  carried  out  a  good  deal  of  ship  lighting, 
and  on  the  first  visit  of  the  British  Association  to  Canada  some  of  those 
now  present  may  have  crossed  Lake  Superior  on  the  vessels  of  the 
Canadian  Pacific  Railway  Company,  in  which  were  installed  high-speed 
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Mr.Lawaon.  engines  and  belt-driven  dynamos,  which  one  now  never  hears  of  on 
board  ship.  The  speed  of  the  engines  was  the  same  as  it  is  to-day, 
about  300  revolutions  per  minute,  but  the  dynamos  ran  at  speeds  from 
1,200  to  1,800  revolutions  per  minute,  according  to  size.  Engines  and 
dynamos  were  placed  on  brackets  belted  to  the  frames  of  the  ship 
within  the  main  engine  room  and  the  length  of  steam-piping  was  short. 
Hence,  although  the  engines  were  anything  but  economical,  I  do  not 
think  our  steam  consumption  was  anywhere  near  so  high  as  that  of 
present-day  practice  mentioned  by  Mr.  Grove.  A  great  deal  can  be 
done  to  lessen  this  wastefulness  by  adopting  a  central  station  method 
on  board  ship  :  there  can  then  be  much  shorter  lengths  of  piping  ;  and 
if  the  Admiralty  will  use  standard  voltage  machines  of  100  or  even  200 
volts,  and  not  a  standard  of  their  own  which  is  not  used  by  anybody 
else,  much  of  the  tangle  of  cables  shown  in  some  of  the  illustrations 
can  be  avoided  and  the  cables  may  be  smaller,  while  any  difficulty  with 
the  projectors  can  be  got  over  by  the  use  of  suitable  resistances  in  their 
circuits  or  by  putting  down  small  motor  generators. 
Mr.  Wilde.  Mr.   H.  WiLDE,    F.R.S.   [communicated]  :    In    Mr.   C.   E.  Grove's 

interesting  summary  of  the  uses  of  electricity  on  ships  of  war  since  itb 
first  introduction  in  the  Royal  Navy  in  1875, 1  notice  under  the  head  of 
Dynamos  a  statement  that  the  dynamo  installed  in  H.M.S.  Minoiaur  in 
1876  was  a  "  magneto  machine." 

Faraday  in  his  First  Series  of  Experimental  Researches,  PhiL  Trans. 
1832,  p.  138,  defined  the  exact  meaning  to  be  given  to  the  term  magneto- 
electricity  in  the  following  paragraph  : — "  58.  The  similarity  of  action, 
almost  amounting  to  identity  between  common  magnets  and  either 
electi'o-magnets  or  volta-electric  currents,  is  strikingly  in  accordance 
with  and  confirmatory  of  Ampere's  theory,  and  furnishes  powerful 
reasons  for  believing  that  the  action  is  the  same  in  both  cases  ;  but,  as 
a  distinction  in  language  is  still  necessary,  I  propose  to  call  the  agency 
thus  exerted  by  ordinary  magnets,  magneto-electric  or  magneleciric 
induction  (26)." 

All  machines,  therefore,  that  generate  electricity  from  ordinary 
steel  magnets  are,  according  to  Faraday's  definition,  magneto-electric 
machines.  Now  the  machines  estabhshed  under  my  direction  on  the 
Minotaur  and  on  other  battleships  in  1875- 1880,  were  self -exciting 
multipolar  dynamos  constructed  in  accordance  with  the  specification 
of  my  patent  of  March,  1867,  in  which  permanent  steel  magnets  were 
dispensed  with.  Further  descriptions  of  these  dynamos  for  lighting 
and  for  the  electro-deposition  of  metals  were  published  in  the  Philo- 
sophical Magazine^  1873,  and  in  other  journals.  I  have  already  directed 
attention  to  the  fact  that  the  term  "  Dynamo-electric  Machine  '  wai» 
invented  by  Charles  Brooke,  F.R.S.,  who  applied  it  expressly  to  my 
electro-magnetic  generator  {Proc,  Roy,  Soc,  vol.  xv.  (1867),  p.  409). 

Under  the  heading  of  Searchlights  in  Mr.  Grove's  paper  I  am 
reminded  of  the  difficulties  I  had  to  encounter  in  this  application  of 
the  dynamo,  and  the  important  assistance  derived  from  the  eminent 
lighthouse  and  electrical  engineers,  MM.  Sautter  and  Lemonnier,  of 
Paris,  in  enabling  me  to  fulfil  the  requirements  of  the  Admiralty  and 
War  Office  Torpedo  Committees  during  the  trials  of  the  searchlight  on 
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the  gunboat  Comet  in  1874.  One  of  these  requirements  was  that  the  Mr.  Wiide. 
beam  of  light  from  the  projector  should  have,  at  will,  a  divergence  of 
20°  in  azimuth.  This  condition  was  met  by  the  design  of  the  diverging 
lens  now  in  general  use.  The  design  was  executed  for  me  by  the 
French  optical  engineers  above  mentioned,  who  also  supplied  the 
dioptric  lenses  used  in  connection  therewith.  My  electric  light  regu- 
lator with  screw  motion,  patented  in  1873,  is  now  adopted  in  more  or 
less  modified  forms,  in  all  searchlight  projectors. 

I  may  also  mention  that  the  general  method  of  searchlight  signalling 
with  the  vertical  beam,  by  means  of  a  reflecting  disc  mounted  hori- 
zontally on  a  spindle  in  front  of  the  projector  and  vibrating  the  disc  by 
means  of  a  lever  handle,  was  invented  and  applied  by  me  on  the 
Minotaur  in  1876. 

When  the  importance  of  the  searchlight  as  a  protection  against 
torpedoes  was  established,  temporary  belt-driving  from  capstan  engines 
was  superseded  by  separate  engines,  geared  to  the  machines  by  spur 
wheels,  in  order  to  utilise  the  low  steam  pressure  ruling  in  flagships  at 
that  time.  This  mode  of  gearing  soon  gave  way  to  the  direct  driving 
of  my  dynamos  by  Brotherhood's  three-cylinder  engines  (1878- 1880) 
with  60  lbs.  steam  pressure. 

After  the  year  1880  the  alternating  dynamos,  engines,  and  projectors 
used  in  connection  therewith  were  gradually  succeeded  by  the  improved 
types  described  and  illustrated  by  Mr.  Grove.  The  absence  of  French 
designs  of  searchlight  equipment  from  Mr.  Grove's  paper  is  a  notable 
omission. 

Whatever  disadvantages  the  multipolar  alternating  dynamos  of 
1875-1880  possessed,  which  caused  them  to  be  superseded  in  the  Royal 
Navy  by  those  producing  continuous  currents,  the  former  had  the 
distinct  advantage  of  having  no  adverse  influence  on  the  directive 
action  of  the  compasses,  either  directly  or  indirectly  through  the 
wiring  of  any  part  of  the  ship.  Should  the  idea  of  central  electrical 
stations  on  board  ship  be  ultimately  adopted,  alternating  dynamos  may 
again  come  into  service  both  for  lighting  and  motor  purposes. 

Mr.  L.  F.  NOAKES  [communicated']  :  I  should  like  to  point  out  that  Mr.  Noakes. 
the  vexed  question  of  designing  a  ship  with  a  central  station  on  board, 
although  only  in  the  imaginative  stage  in  England,  has  been  practically 
carried  out  abroad  nearly  ten  years  ago.  One  ship,  for  instance, 
mentioned  in  Mr.  Grove's  paper,  the  Chilian  battleship  Capitan  Prat, 
built  in  Toulon,  has  a  plant  of  175  k.w.  capacity,  the  six  dynamos  being 
grouped  together  in  a  room  aft  of  the  engine-room  below  the  protective 
deck,  there  being  also  four  switchboards  for  the  control  of  the  artillery 
lighting  and  projector  circuits,  and  one  for  interconnecting  the  other 
three. 

In  reading  the  reports  adverse  to  the  use  of  electric  power  in  the 
U.S.  Navy,  I  noticed  one  of  the  principal  points  objected  to  was  the 
high  speed  of  the  engines  employed.  The  artillery  dynamos  in  the 
above-mentioned  ship  are  driven  by  a  horizontal  engine  running  at 
230  revolutions,  there  being  a  500-ampere  70-volt  machine  direct 
coupled  at  each  end  of  the  crank  shaft.  These  machines  supply  70- 
volt  circuits  independently,  and   in  series  140-volt  for    the  armature 
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Mr.  Noakes.  currents  to  the  gun  motors.  The  regulation  is  all  that  can  be 
desired,  the  governor  being  very  quick  in  its  action.  The  total  weight 
of  the  engine  and  its  two  dynamos  is  about  9  tons.  There  are  two 
sets,  one  set  being  sufficient  to  move  and  work  all  the  eight  turrets, 
hoists,  etc. 

With  reference  to  lampholders,  I  have  had  experience  with  those 
described  in  the  paper,  and  also  of  screw  socket  lamps  with  spiral 
spring  holder,  as  well  as  others.  The  spiral  spring  holder  is  very 
much  to  be  preferred,  and  is  quite  as  secure  against  breakage  by 
vibration  as  the  loop  lamp  arrangement.  I  have,  in  fact,  found  on 
more  than  one  occasion  after  gun-firing  exercise,  that  vibration  suf- 
ficient to  break  the  globe  has  left  the  lamp  intact.  There  is  also  a  very 
good  holder  in  the  market  with  small  spring  hooks  for  use  wth  loop 
lamps,  but  the  hooks  become  brittle  through  heating  and  are  a  source 
of  trouble. 

I  am  in  agreement  with  Mr.  Richards  when  he  condemns  the  use  of 
side  and  head  light  alarums  :  one  finds  that  the  alarum  apparatus  is 
more  often  at  fault,  however  simple  it  may  be,  than  the  lamps  it  is 
supposed  to  safeguard.  As  those  on  watch  on  the  bridge  musi  be  there 
anyway,  why  add  such  complications  ?  In  considering  such  apparatus 
the  old  maxim  of  "  It's  not  what  you  can  do  with,  but  what  you  can  do 
wiUioui"  should  not  be. forgotten.  . 

I  do  not  understand  why  we  should  pin  our  faith  to  the  report 
mentioned  by  Mr.  Richards,  to  the  exclusion  from  our  navy  of  such 
an  obviously  useful  auxiliary  as  the  controller  for  projectors.  1  have 
invariably  found  that  officers  have  appreciated  the  value  of  the  control 
from  below  of  projectors  up  the  masts,  especially  during  gun  firing, 
when  I  don't  think  even  Mr.  Graham's  loudest  telephone  would  be  of 
the  least  use  in  communicating  with  the  fighting  tops,  where  you  have 
quick-firing  guns  within  a  few  feet  of  you. 

When  speaking  of  firing  circuits,  telegraphs  and  bells,  etc.,  I  noticed 
Mr.  Grove  did  not  mention  the  very  successful  use  that  has  been  made, 
in  recent  years,  of  continuous-current  transformers  for  replacing  or 
supplementing  batteries. 

With  regard  to  Mr.  Grove's  remarks  about  enclosed  motors,  I  can't 
say  my  experience  of  them,  as  compared  with  open  ones,  has  alwav^s 
been  favourable  to  them.  The  enclosed  type  seems  to  suffer  more  from 
the  effects  of  dampness  when  disused  for  long  periods.  I  have  found 
open  motors  (below  the  main  deck)  as  good  as  new  after  eight  years' 
service  and  never  having  required  repairs,  whilst  enclosed  motors  have 
given  trouble  after  only  one  or  two  years'  use. 

May  I,  in  conclusion,  venture  to  congratulate  Mr.  Evershed  on  his 
thoroughly  practical  instruments,  telegraphs,  etc.  I  only  regret  that  I 
have  never  sailed  "ship  mates"  with  any  of  them;  instead,  I  shall 
carry  vivid  recollections  of  other  apparatus  with  me  to  the  grave. 
Mr.  Walker.  Mr.  S.  F.  WALKER  [communicated^  :  In  thanking  the  author  for  his 
complete  and  impartial  treatment  of  his  subject,  I  should  like  to  enter 
a  protest  against  the  manner  in  which  the  Government  are  treating  the 
matter  of  Electrical  Engineering.  Day  by  day  the  use  of  electrical 
_  apparatus  on  board  men-of-war  is  increasing,  yet  at  the  present  time,  I 
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believe  I  am  correct  in  saying,  the  science  of  Electricity  is  only  recog-  **«"•  Waikcr. 
nised  by  the  provision,  in  the  largest  battleships,  of  one  or  two 
mechanics,  taking  rank  with  a  chief  boatswain's  mate  or  chief 
gunner's  mate,  and  junior  to  the  youngest  naval  cadet.  In  the  great 
age  of  British  seamen,  naval  officers  were  as  proud  of  being  good  sea- 
men as  of  being  able  to  fight  tlieir  ships,  and  many  of  our  greatest 
victories  were  won  as  much  by  good  seamanship  as  by  the  old  bull-dog 
courage.  The  captains  then  knew  every  sail,  every  rope,  and  what 
could  be  done  with  them — a  striking  contrast  even  to  our  thoroughly 
practical  cousins  at  the  battle  of  Santiago.  An  Electrical  Department 
should  therefore  be  organised  without  further  delay.  It  may  be  fairly 
asked  also  who  supervises  the  work  that  is  done  for  the  Admiralty,  and 
of  what  value  is  the  supervision  ?  The  result  of  this  neglect  of  the 
country's  interest  is  apparent  at  every  step.  We  have  the  absurd  com- 
promise in  the  matter  of  voltage,  maintained  long  after  every  one  else  has 
moved  on.  We  have  open-type  engines,  with  single  cylinders,  though  the 
steam  they  are  to  consume  is  at  from  275  to  300  lbs.  pressure.  W^e  have 
the  pathetic  complaint  that  the  stray  field  from  the  dynamos  affects  the 
compasses,  and  the  more  pathetic  appeal  to  manufacturers  to  help  their 
lordships  out  of  the  difficulty  ;  and  again  we  have  the  compromise.  For 
some  inscrutable  reason  the  manufacturer  is  not  allowed  to  attack  the 
problem,  as  he  would  like  to,  by  providing  plenty  of  iron  around  the 
dynamo,  by  enclosing  it,  as  motors  are  now  enclosed  for  use  on  shore  ; 
and  by  making  the  whole  machine  larger  if  necessary,  to  keep  the 
working  temperature  down.  He  is  restricted  as  to  weight,  and  so  the 
problem  is,  as  usual,  half  solved. 

I  should  like  to  ask  the  author  of  the  paper  if  any  measurements  of 
steam  consumption  have  been  made  on  the  single-cylinder  engines 
using  steam  at  300  lbs.  pressure,  and  if  there  has  not  been  considerable 
trouble  with  cylinder  condensation.  I  venture  to  think  that  if  tests 
were  made,  the  results  would  be  somewhat  startling.  Would  it  be  too 
much  to  suggest  that  the  Admiralty  should  take  a  leaf  out  of  the  book 
of  any  central  station  engineer,  and  try  at  any  rate  the  result  of  running 
the  dynamos  from  triple-expansion  engines,  enclosed  ?  I  also  suggest 
that  if  the  auxiliary  engines  were  displaced  by  electric  motors,  taking 
their  current  from  a  central  dynaino  station,  most  of  the  trouble  of  the 
water  coming  over  when  the  auxiliaries  are  started  would  disappear. 

I  think  the  Admiralty  have  been  right  in  not  allowing  parallel 
working  of  the  dynamos,  but  hardly  see  why  it  should  be  necessary  to 
extinguish  any  particular  group  of  lights  when  switching  from  one 
dynamo  to  another,  as  the  same  arrangement  is  made  in  some  central 
stations  without  extinction.  I  observe  that  the  Admiralty  are  keeping  to 
the  old  form  of  switchboard,  which,  whatever  might  have1:)een  its  virtues 
fifteen  years  ago,  can  surely  be  improved  on  now  with  the  experience 
that  has  been  gained  during  that  period.  Lead-covered  vulcanised- 
rubber  cables  are  probably  the  best  that  could  be  employed  for  men- 
of-war,  provided  there  is  plenty  of  rubber.  In  view,  however,  of  the 
increased  scarcity  of  rubber,  it  might  be  worth  while  to  try  a  special 
form  of  some  of  the  paper-covered  cables.  The  current-density, 
though,  should  be  very  much  lower  than  1,000  amperes  per  square  inch. 
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Mr.  Walker.  Every  loo  amperes  by  which  the  current  density  is  reduced  adds 
considerably  to  the  life  of  the  insulation  of  the  cable.  I  agree  with  the 
author  in  thinking  the  employment  of  wood  battens  for  the  support  of 
the  cables  a  retrograde  movement ;  if  there  was  one  thing  made  clear 
by  the  actions  of  Santiago  and  The  Yalu,  it  was  the  great  danger  of 
fire  breaking  out  in  action  especially  where  any  woodwork  was 
present.  It  should  be  remembered  that,  when  a  shot  or  a  shell  strikes 
any  part  of  a  ship,  at  the  moment  of  impact  the  enormous  amount  of 
energy  stored  in  the  projectile  is  instantly  converted  into  heat ;  and  that, 
in  addition,  a  large  portion  of  the  energy  delivered  to  the  chamber  of 
the  gun  at  each  explosion  is  also  converted  into  heat  that  remains  in 
the  gun  and  its  surroundings.  Hence  the  temperature  of  the  ship  as  a 
whole,  and  of  its  metallic  shell  in  particular,  must  rise  enormously,  as 
was  found  in  the  actions  named,  leading  to  the  ignition  of  anything  of 
such  a  combustible  nature  as  wood,  that  may  happen  to  be  in  the 
neighbourhood.  I  should  also  join  in  the  author's  condemnation  of 
the  Admiralty  joint  shown  in  Fig.  iia,  as  I  doubt  its  watertight  qualities. 
Water  has  a  knack  of  finding  its  way  through  very  small  spaces  by 
capillary  action,  and  in  my  experience  it  is  most  difficult,  if  not  actually 
impossible,  to  make  a  joint  of  the  nature  described  without  leaving  a 
capillary  space.  There  is  also  a  very  real  danger  of  damaging  the 
insulation,  in  the  process  of  making  the  joint  I  would  suggest  that, 
for  the  junction  boxes  and  similar  arrangements,  the  plan  that  has  been 
worked  out  by  the  British  Insulated  Wire  Company,  in  which  the  lead 
covering  of  the  cable  itself  is  sweated  to  the  base  block,  or  something 
on  the  same  lines,  would  be  more  satisfactory  than  the  red-leading 
system.  Filling  in  with  red-lead  is  at  best  very  uncertain — there  is 
always  the  danger  of  leaving  capillary  spaces.  I  would  suggest  also 
that  either  concentric  or  twin  wire  might  be  used  with  advantage  for 
the  smaller  conductors. 

The  Admiralty  are  quite  right  in  using  looped,  in  place  of  capped, 
lamps,  but  surely  something  better  might  have  been  found  than  the 
amateur  arrangement  that  is  used  for  connecting  the  cables  to  the 
lamps.  Any  maker's  catalogue  shows  fittings  that  are  at  least  more 
suitable  than  the  makeshift  arrangement  in  use.  But  why  not  have 
lamps  made  with  special  loops,  strong  enough  to  withstand  the  vibra- 
tion during  the  life  of  the  lamp,  and  also  strong  enough  to  stand  an 
occasional  spark  without  requiring  replacing  ?  Again,  the  watertight 
fitting,  shown  in  Fig.  13,  is  not,  in  my  opinion,  watertight.  If  the 
slate  separator  and  the  rubber  washer  are  not  very  carefully  fitted,  the 
water  will  find  its  way  through  ;  and  in  any  case,  after  the  apparatus  has 
been  opened  once  or  twice,  there  will  at  least  be  a  capillary  space. 
Although  awafe  of  the  objections  to  the  use  of  accumulators  on  board 
ship,  I  suggest  that,  by  proper  arrangement,  searchlights  might  be 
worked  from  accumulators,  especially  on  board  nien-of-war ;  but  the 
objections  would  probably  very  largely  disappear  if  a  proper  electrical 
staff  were  carried,  and  there  can  be  no  two  opinions  as  to  the  con- 
venience of  the  arrangement  if  it  could  be  properly  carried  out.  The 
accumulators  could,  of  course,  be  made  use  of  for  other  apparatus,  such 

— *-  as  signalling,  firing  batteries,  and  for  lighting  when  in  harbour.    The 
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problem  of  communication  on  board  men-of-war,  as  the  author  remarks,  ^»*-  Walker, 
is  by  no  means  solved,  and  it  is  a  very  difficult  one.  Completely  new 
ground  will  probably  have  to  be  taken  in  working  out  .the  problem. 
The  ordinary  telephone  apparatus  and  electric  bell  arrangements  are 
far  too  delicate  to  stand  the  enormous  strains  to  which  they  will  be 
subject,  when  the  ship  is  in  action,  or  even  when  firing  her  monthly 
allowance  of  ammunition.  Apparatus  that  is  to  be  of  any  use  under  the 
conditions  must  be  very  strong,  and  must  have  ample  provision  for  the 
vibration  to  which  it  will  be  subject.  This  is  only  to  be  obtained  by 
large  and  comparatively  hea\y  apparatus  worked  by  comparatively 
powerful  currents.  The  gun-firing  and  torpedo-firing  arrangements 
appear  to  be  remarkably  clumsy,  but  with  an  electrical  staff  would  very 
soon  be  simplified.  Richards  and  Evershed's  engine-room  telegraphs 
are  beautifully  worked  out  apparatus,  and  the  only  question  is  whether 
they  would  stand  firing  over,  or  at. 

With  regard  to  power,  although  it  may  be  some  time  before  a  ship 
is  driven  across  the  Atlantic  by  means  of  motors  furnished  with  current 
from  accumulators,  that  time  will  come,  and  perhaps  before  some  of  us 
think.  It  will  be  remembered  that  it  was  said  by  a  leading  scientist  of 
the  time,  when  the  marine  engine  was  first  introduced,  that  no  ship 
could  carry  sufficient  coal  to  take  her  across  the  Atlantic.  The  require- 
ments of  the  motor  car  will  probably  help  the  problem  of  ship  propul- 
sion very  considerably.  But  there  can  hardly  be  any  question  as  to  the 
advisability  of  driving  all  the  auxiliary  engines  by  means  of  electricity. 
That  is  to  say,  of  replacing  the  existing  steam  plant  by  electric  motors. 
It  has  long  been  known  that  these  auxiliary  engines  are  terribly  waste- 
ful of  steam,  some  of  them  using  as  much  as  250  lbs.  of  steam  per  brake 
h.p.  while  in  actual  work  ;  and  in  addition  there  is  the  enormous  waste 
constantly  going  on  by  condensation  in  the  pipes  while  the  engines  are 
standing. 

The  author,  at  the  end  of  the  paper,  propounds  two  questions  : 
Should  the  power  distribution  be  on  the  continuous-current  or  the 
polyphase  system  ?  In  my  opinion  the  continuous-current  would  be 
by  far  the  best,  for  the  present  at  any  rate.  As  the  author  very  properly 
remarks,  it  has  the  advantage  of  simplicity,  a  matter  of  considerable 
importance  under  present  conditions,  in  the  complete  absence  of  an 
electrical  staff.  And  the  matter  of  the  commutator  of  the  continuous- 
current  machine  is  not  now  of  the  importance  that  it  was.  Even  a 
blue-jacket  could  be  trusted,  in  most  cases,  to  look  after  it  without  any 
fear  as  to  the  result. 

On  the  other  question,  that  of  voltage,  I  have  a  very  novel  sugges- 
tion to  make,  and  one  involving  practically  a  revolution  in  dynamo  and 
lamp  practice.  It  is  that,  instead  of  a  higher  voltage  being  adopted, 
which  would  almost  naturally  follow  if  lamps  of  higher  voltage  can  be 
made  to  stand,  a  very  low  voltage  should  be  employed  and  the  ship 
itself  used  as  the  conductor,  not  only  as  a  return,  but  as  lead  and 
return.  The  dynamos  would  be  connected  directly  to  the  body  of  the 
ship,  and  the  lamps,  motors,  etc.,  would  be  also  connected  directly  to 
the  ship,  the  necessary  difference  of  pressure  being  obtained  from  the 
position  at  which  the  two  connections  were  made.  The  voltage  would, 
VOL.  XXIX.  42 
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Mr.  Walker,  ^f  course,  be  very  low  indeed,  and  the  currents  correspondingly  high, 
and  there  would  be  a  great  many  difficulties  to  overcome  at  every  step 
with  the  lamp,  with  the  currents,  with  the  compasses,  and  with  other 
matters  ;  but  if  successful,  as  I  am  confident  from  some  experiments  I 
have  made  in  that  direction  for  another  purpose,  it  could  be  made,  the 
arrangement  would  solve  a  number  of  very  difficult  problems,  that  are 
facing  the  electrical  engineer  who  has  to  do  with  work  on  board  ship. 

Cables,  for  instance,  would  disappear,  and  with  them  the  possibility 
of  troubles  arising  from  them  in  action.  The  lamps  would  necessarily 
be  enormously  stronger  than  those  at  present  available.  And  this 
would  run  through  the  whole  of  the  arrangements.  The  problem  in- 
volved in  successfully  arranging  this  is  a  very  difficult  one,  but  it  is 
worth  trying  by  the  wealthiest  community  the  world  has  ever  seen. 
m'^'cIoo  ^^*  ^'  ^'  Mackrow  [communicated']  :  Although  practically  a  novice 

in  electrical  engineering,  I  am  convinced  that  the  great  motive  power 
of  the  near  future  will  be  electricity.  As  Naval  Architect  to  the  Thames 
Ironworks,  I  feel  I  cannot  let  the  occasion  pass  without  saying  that 
eighteen  months  since,  in  preparing  a  design  for  a  torpedo  depot  and 
repair  vessel  for  the  Imperial  Japanese  Government,  I  suggested  that 
the  whole  of  the  auxiliary  machinery  outside  the  propelling  machinery 
space  should  be  worked  electrically,  such  as  ventilating  fans  for  the 
living  compartments,  storerooms,  magazines,  etc.,  air-compressors  for 
the  supply  of  compressed  air  to  the  torpedoes,  distilling  machinery, 
refrigerating  machinery,  capstans,  boat- hoists,  coal  and  ash  hoists,  and 
boats  crane.     I  also  proposed  motors  for  driving  the  various  machines 
in  the  workshop,  such  as  lathes,  planing  machines,  shaping  machines, 
drilling  machines,  slotting  machines,  punching  and  shearing  machines, 
circular  saw,  forge,  fan  for  forge  and  coppersmiths'  hearth,  Fletcher's 
patent  cupola  for  casting  iron  and  brass,  etc. ;  together  with  motors  for 
training,  elevating,  and  loading  the  guns.    There  was  also,  of  course,  a 
complete  installation  provided  for  internal  lighting  and  searchlights, 
to  consist  of  about  500  incandescent  lamps  of  16  C.P.,  head  and  side 
lights  of  50  C.P.,  yard-arm  reflectors,  each  containing  eight  50-C.P. 
lamps,  with  the  necessary  signalling  lanterns.    The  searchlights  pro- 
jectors were  to  be  four  in  number,  24  inches  in  diameter,  with  hand 
and  automatic  lamps  taking   100  amperes  each.    The  main  switch- 
boards for  motors  and  for  internal  lighting  circuits  and  searchlights, 
with  all  fuses,  switches,  ammeters,  voltmeters,  etc.,  were  to  be  fixed 
near  the  dynamos. 

With  such  an  installation  it  is  evident  that  more  than  ordinary  atten- 
tion should  be  given  to  the  position  and  dimensions  of  the  dynamo 
room,  and  consequently  I  gave  an  entire  compartment  of  the  ship, 
extending  the  whole  breadth  of  the  vessel  just  abaft  the  main  engine 
rooms,  and  having  a  length  of  18  feet,  giving  nearly  10,000  cubic  feet 
of  space.  Up  to  the  present  it  has  been  the  practice  to  design  vessels 
to  carry  their  respective  armaments  with  corresponding  powers  of 
offence  and  defence,  with  propelling  power  to  give  the  requisite  speed 
with  the  necessary  coal  spaces,  and  to  assign  some  spare  corner  of 
space  for  the  purpose  of  stowing  the  dynamos,  which  have  been  treated 
quite  as  a  minor  fitting  ;  but  it  is  evident  that  if  all  thp  auxiliary  engines 
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mentioned  above  are  to  be  carried  and  driven  electrically,  the  dynamo  Mt.  ^ 
compartment  must  have  a  much  more  important  place.  From  the  remarks 
made  by  Mr.  Richards  it  is  evident  that  whatever  other  Governments 
may  be  doing,  the  British  Government  up  to  the  present  time  has  not 
given  electrical  appliances  the  consideration  that  it  would  appear  they 
are  entitled  to.  Up  to  the  present  the  Admiralty  has  no  bond  fide 
electrical  engineering  staff.  Men  who  have  been  educated  as  naval 
constructors  have  taken  up  this  branch  of  electrical  service,  and 
though  no  doubt  capable  officers  so  far  as  their  training  goes,  must  be 
wanting  in  that  special  knowledge  of  electrical  engineering  which 
is  demanded  for  obtaining  the  best  results  in  the  Navy.  As  the  first 
naval  power  in  the  world,  it  does  not  look  well  for  this  country  to  be 
watching  the  experiments  made  by  other  countries,  and  then,  if  suc- 
cessful, adopting  them.  It  may  exhibit  shrewdness,  but  it  appears 
exceedingly  mean  and  paltry.  Such  a  course  would  be  quite  excusable 
in  the  case  of  minor  powers,  but  for  England  more  enterprise  is  cer- 
tainly needed,  and  I  hope  that  Mr.  Grove's  paper  will  do  something 
to  draw  attention  to  this  very  important  matter. 

Mr.  C.  E.  Grove,  in  reply  ;  I  feel  greatly  honoured  that  the  paper  Mr.  Grove. 
has  elicited  so  much  criticism. 

A  large  part  of  the  discussion,  both  at  the  meeting  and  in  the  com- 
municated remarks,  deals  with  the  present  position  of  the  British 
Admiralty  in  regard  to  electrical  engineering  matters,  and  I  will,  there- 
fore, deal  with  that  first.  For  my  own  part,  I  am  neither  able  to  share 
Mr.  Evershed's  satisfaction  nor  to  go  as  far  as  Mr.  Crompton  in  the 
other  direction.  Mr.  Evershed  appears  to  think  that  it  is  a  fair  subject 
of  congratulation  *'  that  our  own  Navy  is  not  so  far  behind  the  navies 
of  the  rest  of  the  world."  It  seems  to  me  a  pity  that  it  should  be  behind 
at  all.  If  I  rightly  discern  the  matter,  the  desire  of  every  patriotic 
Englishman  is  to  see  the  British  Navy  in  all  respects  well  ahead  of 
every  other  navy ;  and  considering  the  vast  resources  of  this  country 
both  in  material  wealth  and  engineering  skill,  there  appears  no  reason 
why  it  should  not  be. 

Mr.  Crompton,  I  think,  puts  the  case  for  the  electrically  controlled 
projector  very  strongly,  and  it  does  not  appear  to  me  that  Mr.  Richards' 
reply  on  this  point  is  final.  I  am  inclined  to  begrudge  him  the  satis- 
faction he  derives  from  the  failure  of  such  apparatus  in  the  late 
American  war.  The  American  naval  war  took  place  two  years  ago, 
whereas  it  appears  that  the  English  Navy  might  at  any  time  within  the 
last  eight  or  ten  years  have  been  supplied  with  electrically  controlled 
projectors  and  have  obtained  experience  of  them  at  first  hand.  There 
are  many  forms  of  such  apparatus,  and  it  does  not  necessarily  follow 
that  because  the  American  type  of  projector  failed  in  particular  cir- 
cumstances that  other  types  must  need  fail  in  other  circumstances. 
There  is  a  general  uniformity  of  practice  nowadays  in  foreign  navies  in 
regard  to  the  adoption  of  automatic  projectors.  And  it  is  to  be  remem- 
bered that  if  the  automatic  gear  fail,  the  projector  is  in  no  worse  state 
than  an  ordinary  hand  projector. 

Mr.  Richards'  remarks  are  particularly  valuable,  because  he  indi- 
cates on  many  subjects  what  the  official  attitude  is.    I  think  Mr. 
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Mr.  Grove.  Richards  is  to  be  congratulated  on  the  cable  system  which  he  has  de- 
veloped for  British  ships  and  upon  the  introduction  of  the  dynamo 
temperature  clause,  which  has  become  practically  standard  throughout 
the  entire  dynamo  manufacturing  industry. 

Notwithstanding  that  the  electric  light  fittings  used  in  the  Navy 
have  been  developed  in  H.M.  Service,  I  think  my  statement  that  Naval 
authorities  do  not,  as  a  rule,  design,  is  quite  correct ;  for  whenever  a 
new  need  is  felt,  whether  it  be  for  an  electric  capstan,  an  electric  fan,  a 
range  finder,  or  a  special  type  of  dynamo,  the  requirements  are  specified 
and  something  is,  in  the  first  place,  designed  outside  to  meet  those 
requirements.  Modifications  are,  of  course,  introduced  as  time  goes 
by,  arising  out  of  the  experience  gained  in  the  Navy,  but  this  does  not 
amount  to  designing,  as  I  used  the  term.  Still  more  docs  my  remark 
apply  to  those  foreign  naval  administrations  whose  representatives 
come  to  this  country  for  their  ships. 

In  regard  to  the  general  use  of  electric  power  for  auxiliary  purposes 
in  the  Navy,  Mr.  Richards  appears  to  agree  that  the  conversion  sug- 
gested would  be  efficient.  The  machines  co-operating  with  the  main 
engines  that  I  left  to  be  steam  driven  for  the  present  were  feed  and 
condenser  pumps  and  the  like,  as  mentioned  on  page  581.  Marine 
engineers  already  realise  how  wasteful  these  pumps  are,  and  the 
suggestion  has  been  more  than  once  made  that  it  would  be  economical 
to  relegate  all  these  pumps  to  a  central  pump-room,  where  they  might 
be  driven  in  bulk  by  economical  engines.  Were  this  ever  to  be  done, 
I  should  expect  that  it  would  be  but  an  intermediate  step  to  replacing 
the  steam  drive  by  the  electric  drive,  even  for  these  services. 

As  regards  reliability,  I  agree  with  the  remarks  that  have  been  made, 
that  if  there  is  any  difference  between  the  reliability  of  a  steam-engine 
and  that  of  a  dynamo  or  motor,  the  advantage  is  in  favour  of  the  latter  ; 
but  it  is  extremely  difficult  to  get  engineers  who  are  mechanical-  or 
marine-engineers  without  electrical  experience  to  believe  it.  Every- 
body knows  the  great  difficulty  there  has  been  to  make  people  believe 
that  tramways,  for  instance,  could  be  worked  satisfactorily  by  electricity  ; 
and  even  now  that  so  much  work  has  been  done,  there  still  exists  a 
great  deal  of  scepticism  and  prejudice.  No  doubt  in  due  time,  when 
electrical  things  get  used  more  largely,  every  engineer  will  have  to  be  an 
electrical  engineer,  and  things  will  then  stand  on  their  proper  footing. 

Mr.  Richards  observes  that  upon  the  application  of  electric  power 
to  working  guns  the  general  question  of  the  application  of  electrical 
power  will  be  largely  decided,  and  that  as  a  first  step  it  will  be  neces- 
sary to  convince  the  gunnery  officers  that  the  change  is  beneficial. 
Now  the  British  naval  gunner  is  entitled  to  great  respect ;  he  is  the 
man  on  whom  we  shall  all  have  to  rely  in  the  hour  of  need,  and,  as  a 
gunner,  I  am  prepared  to  doff  my  hat  to  him  any  day,  for,  as  a  gunner, 
I  believe  he  has  no  equal ;  but  when  he  is  used  as  a  bogey,  as  Mr. 
Richards  uses  him,  to  warn  electricians  off  his  allotment,  I  am  disposed 
to  demur.  Until  he  gets  an  out-and-out  electrical  turret  to  work  with, 
how  can  he  be  in  a  position  to  decide  the  question  ?  The  British 
Admiralty  has,  up  to  now,  touched  but  the  fringe  of  the  subject.  Yet 
—  the  precedents  so  much  sought  after  exist,  not  merely  in  the  American 
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Navy,  but  in  several  others.  The  subject  is  large  and  very  important,  Mr.  Grove, 
and  wants  attacking  boldly.  It  is  incomprehensible  to  me  that  the 
Admiralty  should  be  content  to  wait  for  years  to  see  what  use  other 
Powers  make  of  such  inventions  as  these,  instead  of  conducting  first- 
hand trials  with  liberality  and  enterprise  on  promising  inventions.  If 
I  appear  too  dogmatic  in  criticising  one  Government  department,  I 
should  like  to  illustrate  my  remarks  from  personal  knowledge  of  the 
methods  of  another. 

From  1 887-1 892  I  was  a  member  of  the  staff  of  the  Engineer-in-Chief 
of  the  Postal  Telegraphs.  This  was  a  period  of  great  telegraphic 
activity,  and  within  it  the  speed  of  Wheatstone  automatic  working  was 
increased  on  several  occasions,  the  multiplex  system  was  extended  both 
as  regards  the  distances  covered  and  the  number  of  "  ways  "  simulta- 
neously operated,  cable  speeds  were  improved  and  a  host  of  improve- 
ments made  in  all  apparatus,  from  simple  bell  telegraphs  to  high-speed 
repeaters  and  telephone  exchange  apparatus.  Each  of  these  principal 
jobs  was  continuously  watched  by  a  highly  specialised  technical  officer, 
to  whom  no  adjustment  was  too  minute  and  no  detail  too  trivial  for 
personal  attention  ;  and  who  by  no  means  confined  himself  to  office 
direction,  but  who  controlled  the  practical  working  of  the  apparatus  in 
the  galleries,  often  for  months  together,  until  the  effect  of  every  change 
had  been  thoroughly  investigated  and  every  difficulty  that  might  arise 
from  ignorance  or  unfamiliarity  on  the  part  of  the  operating  staff  had 
been  removed.  The  general  result  of  this  system  is  known  to  all  in  the 
premier  position  occupied  by  the  British  Postal  Telegraph  system.  Is 
there  any  adequate  reason  why  such  a  promising  subject  as  the  appli- 
cations of  electrical  power  on  warships  should  not  be  similarly  tended 
and  developed  by  naval  electricians  ?  Such  a  course  would  at  least 
save  executive  officers  from  the  false  position  of  condemning  what  they 
only  imperfectly  understand. 

Mr.  Swinton  referred  to  hydraulic  gun  mechanism,  and  showed 
how  necessary  it  is  in  moving  guns  to  have  a  slow,  steady  action.  I 
am  an  admirer  of  the  simplicity  and  beauty  of  the  hydraulic  mechanism, 
and  I  suggest  that  the  reason  why  hydraulic  mechanism  has  been 
brought  to  the  state  of  perfection  it  occupies  for  gun  work,  lies  in 
the  fact  that  our  particular  firm  of  gun-makers  has  long  been  Messrs. 
Armstrong,  Whitworth  &  Co.,  who  are  also  our  leading  hydraulic 
engineers.  The  two  systems  existing  under  the  control  of  the  same 
company,  nothing  could  be  more  easy  or  more  natural  than  to  develop 
the  two  together.  Thus  it  comes  about  that  we  have  actually  got, 
without  question,  a  very  fine  system  of  hydraulic  control.  But  if 
Messrs.  Armstrong  had  been  electrical  engineers,  and  hydraulic 
apparatus  came  after  electrical  engineering  instead  of  before  it,  this 
story  might  have  been  reversed.  People  who  have  independently 
attacked  the  subject  of  gun-control  electrically  have  obtained  extremely 
satisfactory  results.  I  refer  particularly  to  the  Ward-Leonard  system 
of  control,  which  seems  to  lend  itself  perfectly  to  the  adjustment  to 
minute  ifractions  of  degrees  of  the  gun-turrets,  and  the  momentum 
effect  in  that  system  of  control,  I  understand,  is  almost  nil.  Mr. 
Mordey  tells  me  that  the  same  method  of  control  is  used  over  and  over 
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again  in  lifts,  and  is  quite  successful  where  momentum  effects  have  to 
be  dealt  with,  and  where  quickness  and  smoothness  of  action  are 
essential.  It  is  to  be  observed,  moreover,  that  for  the  present  purpose 
it  is  not  necessary  to  prove  that  electrical  control  is  better  than  hydraulic 
control ;  if  it  is  as  good,  the  investigation  need  not  be  carried  farther 
from  the  gunnery  point  of  view ;  the  matter  is  then  ripe  for  the  con- 
sideration of  the  naval  architect,  who  must  decide  as  between  various 
dispositions  of  weight  and  space,  efficiency  as  affecting  coal  consump- 
tion and  bunker  capacity,  and  so  on,  as  mentioned  in  the  paper.  Mr. 
Richards  rightly  observed  that  the  changes  are  so  far-reaching  as  to 
amount  to  designing  a  warship  around  a  central  station.  Is  this  an 
insuperable  difficulty  ?  Ships  have  been,  are  being,  and  will  be,  year 
by  year,  designed  around  various  arrangements  of  guns  and  armour. 
And  when  the  Belleville  boiler  was  introduced,  and  it  was  found  neces- 
sary, in  consequence,  to  reapportion  space  and  redistribute  weights,  the 
changes  were  vast  enough  to  amount  to  designing  ship»  around  the 
Belleville  boiler. 

I  turn  now  to  various  points  of  detail  in  the  discussion.  In  regard 
to  working  searchlights  off  200-volt  mains,  I  regard  the  rotating  trans- 
former as  an  undesirable  addition.  The  total  capacity  required  on  both 
the  motor  and  generator  sides  would  be  about  50  kilowatts  ;  hence  the 
weight  would  be  considerable.  The  machines  could  not  be  put  on  the 
bridges  or  masts  where  the  projectors  are,  but  would  necessarily  have 
to  be  in  some  machinery  room,  hence  little  saving  of  cable  could  be 
effected.  For  these  reasons  I  think  if  the  searchlights  could  not  be 
worked  direct  or  by  a  series-parallel  arrangement  as  suggested,  it  would 
be  better  to  have  special  dynamos  and  circuits  for  them  than  to  employ 
transformers. 

I  agree  with  Mr.  Richards  and  Mr.  Noakes  that  alarms  for  the  navi- 
gating lights  are  not  indispensable.  The  Japanese,  however,  for  whom 
those  described  in  the  paper  were  designed,  think  them  important;  and 
hence  they  have  a  place  in  the  description  of  existing  equipments. 

I  thank  Mr.  Swinton  for  the  information  he  gives  about  turbines, 
and  Mr.  Wilde  for  his  interesting  historical  notes.  I  accept  the  correc- 
tion respecting  the  descriptive  title  of  Mr.  Wilde's  machine.  I  am 
acquainted  with  the  modern  Sautter- Harle  projector,  and  would  have 
included  particulars  of  it,  and  of  many  other  things,  had  not  the  paper 
already  exceeded  the  usual  limits. 

In  reply  to  Mr.  Allingham's  questions,  the  lead  cables  are  heavily 
painted  up  when  in  position  on  board,  hence  moisture  does  not  get  to 
the  lead.  Cables  with  impregnated  parchment  insulation  have  been 
used,  but  have  given  place  to  rubber.  Twin  cables  might,  perhaps,  be 
used  for  the  smaller  sizes,  but  for  lighting  work  single  wires  are  pre- 
ferred everywhere  on  the  score  of  convenience.  Certainly  the  larger 
sizes  of  cables  could  not  be  twin;  they  are  already  heavy  enough  with 
single  cores. 

As  regards  batteries,  it  must  be  remembered  that  the  primary 
batteries  used  in  the  Navy  are  of  exceedingly  good  quality,  and  although 
not  a  cheap  form  in  themselves,  are  in  the  long  run,  I  believe,  less 
costly  and  less  troublesome  than  accumulators,  which  have  several 
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times  been  introduced  for  working  apparatus,  but  always  abandoned  Mr.  Orovc 
again.  The  use  of  the  full  lighting  voltage  for  instrument  working  is 
undesirable,  as  there  is  so  much  power  behind  it  that  the  instruments 
are  in  danger  of  getting  burnt  up  if  a  leak  is  started  by  moisture.  For 
some  purposes  small  motor  generators  are  employed  to  give  12  to  15 
volts  on  the  secondary.  The  Barr  &  Stroud  apparatus  is  worked  in 
this  way.    Mr.  Noakes  has  noticed  that  I  omitted  to  mention  this. 

Mr.  S.  F.  Walker's  communication  contains  several  serious  miscon- 
ceptions, and  I  am  afraid  there  is  not  much  of  value  in  his  remarks. 
Mr.  Walker  appears  to  think  that  single-cylinder  engines  working  at 
from  275  to  300  lbs.  pressure  are  used  for  dynamo  driving.  This  is  not 
the  case.  The  almost  universal  practice  is  to  use  compound  engines 
strong  enough  to  work  with  the  full  pressure  if  necessary,  but  working 
ordinarily  with  200  lbs.  steam,  at  which  pressure  the  steam  is  supplied 
through  reducing  valves.  This,  I  think,  is  a  good  arrangement,  and 
more  economical  than  triple  expansion  engines  would  be,  considering 
the  small  powers  developed,  and  the  fact  that  the  engines  often  have 
to  run  lightly  loaded.  While  the  older  engines  were  of  open  type, 
enclosed  engines  (double-acting)  are  now  pretty  common.  The  steam 
consumption  at  full  load  with  200  lbs.  steam  is  about  28  lbs.  per  E.H.P. 
hour,  though  I  have  seen  lower  amounts  guaranteed. 

It  is  imperatively  necessary  that  cables  on  men-of-war  must  have 
waterproof  insulation,  and  this  is  an  important  reason  why  impregnated 
paper  cables  should  not  be  employed.  Beyond  this,  as  the  paper 
cables  would  have  to  be  worked  at  a  lower  current  density,  they 
would  be  larger  and  heavier,  while  the  increased  cost  of  the  con- 
ductor due  to  working  at  a  low  density  would  go  far  to  pay  the 
difference  in  the  cost  between  rubber  and  impregnated  paper.  Water- 
tight glands  in  boxes  and  bulkheads  are  made  as  Mr.  Walker  suggests 
they  should  be,  by  sweating  the  lead  covering  of  the  cable  to  glands  or 
plates ;  it  is  obviously  impracticable  to  solder  the  cable  direct  to  the 
box  or  bulkhead,  hence,  some  packing  below  the  gland  is  necessary, 
and  experience  proves  that  red  lead  is  much  less  objectionable  than 
an3rthing  else.  Mr.  Walker  appears  to  think  that  the  Admiralty  use 
ordinary  loop  lamps,  which  is  not  the  case.  The  lamps  are  made  with 
special  loops  made  of  twisted  platinum  wire,  which  last  very  well 
when  accurately  fitted.  My  remarks  on  this  point  in  the  paper  had 
reference  to  the  difficulty  in  fitting  originally. 

I  differ  entirely  from  Mr.  Walker's  statement  that  "  the  gun-firing 
and  torpedo-firing  arrangements  appear  to  be  remarkably  clumsy."  As 
I  have  had  no  hand  in  designing  these,  I  may  say  freely  that,  so  far 
from  being  clumsy,  I  think  they  are  exceedingly  well  adapted  to  their 
purpose,  the  torpedo-firing  circuit  being  particularly  clever,  and  it  is 
not  clear  to  me  how  they  could  be  simplified. 

I  find  some  difficulty  in  taking  seriously  Mr.  Walker's  suggestion 
that  dynamos  of  very  low  voltage  should  be  connected  directly  with 
the  hull  of  the  ship,  the  lamps  and  motors  being  similarly  connected. 
There  are  more  than  1,000  points  in  a  battleship  where  lamps  or  other 
things  have  to  be  connected.  Is  it  suggested  that  at  all  places  where 
current  is  required,  sufficient  difference  of  potential  could  be  found 
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Mr.  Grove,  bctwcctt  points  ticai*  together  to  secure  anything  like  uniform  and 
constant  lighting  ?  If,  on  the  contrary,  the  assumption  is  that  there 
should  be  anything  like  a  steady  fall  of  potential,  say  from  end  to  end 
o»-  from  side  to  side  of  the  ship,  how  would  it  be  possible  to  dispense 
with  cables,  when  the  voltage  was  very  low,  and  the  current,  and  conse- 
quently the  copper  on  that  account,  very  heav'y  ? 

In  conclusion,  I  wish  to  say  that  I  am  much  gratified  with  the  way 
my  paper  has  been  received,  and  trust  it  may  be  of  use  in  advancing, 
to  however  small  an  extent,  this  branch  of  our  profession. 

The ^  The  President:   Your  applause  shows  that  you  approve  of  this 

paper,  and   that   it  is  almost  a   work  of   supererogation   to  ask  you 
formally  to  return  your  thanks  to  Mr.  Grove.     We  all  feel  a  great 
debt  of  gratitude  to  him. 
Carried  by  acclamation. 

The  President  announced  that  the  scrutineers  reported  the  following 
candidates  to  have  been  duly  elected  : — 

Members: 

Nelson  Graburn.  The   Right    Rev.    Monsignor 

Walter  Rutherford.  Gerald  Molloy,  D.D.,  D.Sc. 

Associate  Members : 

George  Carrick  Anderson.  I       William  Brown. 

Frederic  Chalmers  Armstrong.  |       Henry  Reason. 


Associates : 


Peter  Michael  Swan  Brodie. 
Kenneth  Findlater  Campbell. 
George  Dean. 


Frank  Langley. 
William  Marsh. 
Frederick  Tolley. 


Thomas  Brown  Wright. 

Students : 

Pcrcival  Francis  Crinks.  |       Frank  Heppinstall. 

Alfred  Sadler. 
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The  Three  Hundred  and  Forty-Sixth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institu- 
tion of  Civil  Engineers,  Great  George  Street,  West- 
minster, on  Thursday  evening,  April  26th,  1900 — 
Professor  SiLVANUS  P.  Thompson,  F.R.S.,  President, 
in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
April  5th,  1900,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  the  list 
should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council  : — 

From  the  class  of  Associates  to  that  of  Members — 

C.  J.  Robertson. 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

H.  Wilson  Bagot. 
Hilton  Johnson. 

From  the  class  of  Students  to  that  of  Associates — 
Guy  D'Arcy  Meynell. 

Donations  to  the  Library  were  announced  as  having 
been  received  since  the  last  meeting  from  Dr.  W.  Reuling, 
Messrs.  Whittaker  &  Co.,  Mr.  O.  V.  Thomas,  Member,  and 
Mr.  J.  T.  Morris,  Associate  Member ;  donations  to  the 
Building  Fund  were  announced  as  having  been  received 
from  Mr.  P.  F.  Crinks,  Mr.  A.  B.  Field,  and  Mr.  G.  E.  V. 
Thomas  ;  and  to  the  Benevolent  Fund  from  Messrs.  Pirelli 
&  Co.  (Milan),  Maschinenfabrik  Oerlikon,  Findlay  Dur- 
ham and  Brodie,  Johnson  &  Matthey,  James  Williamson 
&  Son,  Vitrite  Works,  Limited,  Rheinische  Glasshutten 
Actien  Gesellschaft,  Bedermann  &  Czarnikow,  A.  Finne- 
more  &  Co.,  The  Steel  Conduit  Company,  Thomas  Taylor, 
F.   Espir,   The    United   Electric    Company    (Incandescent 
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Lamp  Department),  McAIpine  &  Co.,  The  British  Thom- 
son Houston  Company,  and  A.  H.  Bate ;  to  all  of  whom, 
on  the  motion  of  the  President,  a  vote  of  thanks  was 
unanimously  accorded. 

Messrs.  E.  C.  Smith  and  E.  D.  Phillips  were  appointed 
scrutineers  of  the  ballot  for  new  members. 

The  President  :  In  accordance  with  Article  45,  it  is 
my  duty  to  read  to  you  the  list  of  Council  nominations  for 
election  at  the  Annual  General  Meeting — the  election  of 
Council  and  Honorary  Officers  for  1900-1901  : — 


MEMBERS   NOMINATED   BY   THE   COUNCIL    FOR    OFFICE 

IN  1900-1901. 


Nomination, 

Remaining  in  Office. 
New  Nomination. 


As  President, 
Professor  J.  Perry,  F.R.S. 

As  Vice-Presidents  (4). 

W.  E.  Langdon. 
James  Swinburne. 
R.  Kaye  Gray. 
E.  Mascart. 

Ordinary  Members  of  Council  (15). 

Major  P.  Cardew,  R.E. 
John  Gavey. 
Robert  Hammond. 
A.  J.  Lawson. 
"   P.  V.  Luke,  CLE. 

W.  M.  MORDEY. 

R.  P.  Sellon. 
,  A.  A.  Campbell  Swinton. 
/  h.  h.  cunynghame,  c.b. 

Henry  Edmunds. 

S.  Z.  de  Ferranti. 

Hugo  Hirst. 

J.  E.  Kingsbury. 

C.  P.  Sparks. 
\  A.  P.  Trotter. 

Associate  Members  of  Council  (3). 

I   S    EVERSHED 

Remaining  in  Office.  \  r.  w.  Wallace,  Q.C. 
New  Nomination.         W.  R.  Cooper,  M.A.,  B.Sc 


Remaining  in  Office. 


New  Nominations. 
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OFFICERS   NOMINATED    BY   COUNCIL    FOR   1900-1901. 
As  Honorary  Auditors, 

r        n     r«f     ^-  f   F.  C.  DANVERS. 

As  Honorary  Treasurer, 
For  Re-Election,  Professor  W.  E.  Ayrton,  F.R.S.,  Past-President. 

As  Honorary  Solicitors. 
For  Re-Eleciion.  Messrs.  Wilson,  Bristows,  and  Carpmael. 

I  have  now  much  pleasure  in  calling  upon  Professor 
George  Forbes  to  give  us  his  paper. 

ON  DISTANT  ELECTRIC   POWER  TRANSMISSION. 
By  Professor  GEORGE  FORBES,  F.R.S.,  Member. 

Your  President  did  me  the  honour  to  invite  me  to  read 
a  paper  on  the  subject  of  the  distant  electric  transmission  of 
power,  to  which  I  have  devoted  much  attention  during  the 
last  ten  years.  From  the  remarks  he  made  at  the  time,  it 
seemed  to  me  that  what  he  most  desired  was  a  description 
of  the  works  of  this  character  which  have  been  established 
in  different  parts  of  the  world,  with  the  object  of  provoking 
a  discussion,  on  their  various  merits  and  defects,  by  members 
of  the  Institution.  I  regret  that  to  myself  it  seems  undesir- 
able that  any  one  should  give  to  the  Institution  descriptions 
of  works  carried  out  elsewhere  if  he  has  not  an  intimate 
personal  practical  knowledge  of  the  works  ;  but  in  view 
of  the  fact  that  the  discussion  of  this  paper  may  bring 
out  information  from  those  who  have  actually  had  the 
handling  of  such  works,  I  have  yielded  to  the  President's 
wish  to  a  certain  extent.  The  first  part  of  the  paper  is 
devoted  to  the  description  of  certain  selected  transmission 
plants,  each  one  put  up  by  a  different  contractor,  and  each 
one  having  some  special  point  of  interest.  But  I  must  freely 
confess  that  the  only  one  of  these  of  which  I  have  that 
intimate  practical  knowledge  which  enables  one  to  judge 
on  the  merits  or  defects  of  a  scheme  is  the  plant  at  Niagara 
Falls,  the  plans  for  which  were  prepared  by  me  in  1890  and 
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carried  out  between  that  date  and  1895,  and  the  actual 
working  of  which  I  have  thoroughly  investigated  up  to 
the  summer  of  1899,  by  a  study  of  the  journals,  log-books, 
and  complaints  from  consumers  about  faulty  supply.  Con- 
cerning the  other  installations,  1  have  had  to  make  use  of 
the  printed  descriptions  appearing  in  technical  and  other 
journals,  which  are  always  liable  to  mislead,  especially  as  to 
the  satisfactory  nature  of  the  supposed  uninterrupted  supply 
of  power. 

The  second  part  of  the  paper  deals  with  some  of 
,  the  problems  that  face  the  consulting  engineer  in  his 
attempts  to  introduce  the  highest  economy,  especially  in 
the  transmission  lines,  as  this  is  the  most  important  part 
when  the  distances  are  great.  To  these  sections  of  the 
paper  some  words  have  been  added  to  give  a  general  view 
of  the  methods  in  use  by  different  contractors.  Hitherto 
manufacturers  and  contractors  in  this  country,  having  few 
great  water  powers  in  Great  Britain,  have  neglected  to 
attempt  the  supply  of  suitable  machinery  for  other  parts 
of  the  world,  and  run  a  risk  of  being  passed  over  entirely 
in  the  future  as  they  have  been  in  the  past,  when  tenders 
for  the  electric  utilisation  of  water  powers  are  asked  for ; 
it  is  perhaps  wrong  to  say  that  they  have  been  overlooked, 
and  more  just  to  say  that  they  have  refused  to  undertake 
such  work.  I  venture  to  put  forward  the  opinion  that  this 
is  unwise,  and  1  trust  that  the  immediate  progress  that  we 
expect  in  the  transmission  of  power  generated  in  the  neigh- 
bourhood of  coal-pits  will  lead  the  manufacturers  of  this 
country  to  appreciate  the  large  field  that  is  opened  to  them 
abroad  for  the  utilisation  of  water  power. 

If  this  be  done  I  believe  that  British  manufacturers  may 
work  upon  new  and  independent  lines  and  that  they  will 
have  a  large  outlet  in  our  Colonies  and  other  parts  of  the 
world  ;  because  out  of  numerous  tenders  that  have  been 
submitted  to  me  for  the  transmission  of  power  from  water- 
falls, none  of  the  foreign  firms  who  have  tendered  seem  to 
me  to  have  started  on  the  best  lines  for  making  such  a  work 
successful  and  absolutely  free  from  interruptions. 

If  our  manufacturers,  owing  no  doubt  partly  to  the  fact 
that  their  hands  are  full,  have  been  unwilling  to  undertake 
these  great  works,  while  foreign  firms  have  been  making  a 
splendid  start,  it  must  be  allowed  that  the  want  of  progress 
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in  our  Colonies  is  also  largely  due  to  the  timidity  of  our 
financial  men.  It  is  not  in  this  country  that  you  would  have 
found  men  with  the  boldness  to  risk  their  capital  in  transmit- 
ting and  distributing  electricity  for  power  purposes,  at  a  date 
(1890)  when  there  was  only  one  example  of  such  transmis- 
sion and  distribution,  viz.,  in  a  small  village  near  the  frontier 
of  France  and  Switzerland.  Nor  would  confidence  have 
been  placed  by  them  in  an  electric  transmission  by  means  of 
alternating  current  at  a  date  when  there  was  not  a  single 
alternating-current  motor  in  commercial  use,  nor  in  the 
advantages  of  lower  frequency  than  any  which  had  been 
thought  of  up  to  that  date  (1893),  when  nine-tenths  of  the 
members  of  this  Institution  who  rose  to  discuss  the  question 
condemned  a  frequency  of  25  periods  per  second  as  im- 
possible and  extravagant.!  Our  capitalists  are  too  apt  to  say 
that  such  things  are  too  experimental,  when  any  step  is  taken 
to  improve  methods.  Yet  the  capitalists  in  America  who 
undertook  to  utilise  the  Niagara  Falls  did  all  these  things, 
made  a  commercial  and  engineering  success  of  their  works 
and  have  been  imitated  in  their  methods  all  over  the  world.^ 
Attention  must  now  be  drawn  to  a  few  of  the  most  inter- 
esting cases  of  using  electricity  for  developing  the  power  of 
waterfalls. 

I.  Of  the  various  plants  for  transmitting  electrical  power 
from  waterfalls,  one  which  derives  its  chief  interest  from 
the  greater  distance  to  which  the  energy  is  transported,  is 
in  South  California  at  San  Bernandino  and  Los  Angeles, 
carried  out  by  the  General  Electric  Company,  U.S.A. 

The  water  is  taken  from  the  streams  in  the  San  Bernan- 
dino Mountains,  and  it  is  carried  in  canals  and  tunnels  for 
about  two  and  a  quarter  miles.  It  develops  power  under 
the  head  of  over  700  feet,  three-phase  electric  currents  are 
there  generated  and  raised  by  transformers  to  a  pressure  of 
33,000  volts,  and  the  current  is  transmitted  over  a  distance  of 
80  miles  to  Los  Angeles  ;  80  per  cent,  of  the  water  conduit 
is  in  tunnel,  and  of  the  rest  part  is  open  masonry  canal  and 

*  The  unqualified  success  of  low  frequency  at  Niagara  Falls  has  now, 
however,  converted  even  former  opponents,  and  this  Institution  passed  a 
recommendation  last  year  that  a  frequency  of  25  should  be  a  standard  for 
power  transmission. 

^  The  only  financial  group  who  ever  in  this  country  showed  such  boldness 
in  electric  matters  was  the  band  of  men  who  realised  that  Ferranti's  brilliant 
views  were  right,  and  who  started  the  London  Electric  Supply  Company. 
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the  remainder  timber  flumes.  There  are  i8  tunnels  whose 
total  length  is  11,555  feet,  the  longest  being  2,074  feet. 
There  are  2,662  feet  of  wooden  flumes,  167  feet  of  open 
masonry  canal,  121  feet  for  a  sand-box,  and  57  feet  of 
reservoir  and  forebay  at  the  head  of  the  penstock.  The 
water  is  taken  from  a  point  3,422  feet  above  sea-level,  the 
power-house  being  at  a  level  of  2,670  feet ;  the  slope  of  the 
canal  is  9*5  feet  per  mile,  leaving  an  available  head  of  728 
feet  at  the  power-house.  The  streams  used  are  the  Santa 
Anna  River  and  the  Bear  Creek. 

The  best  description  of  the  Civil  Engineering  Works 
is  given  in  the  £ngineeri?tg  News,  New  York,  March  9, 1899  : — 
Pelton  wheels  are  used  with  a  nozzle  3f  inches  in  diameter, 
the  wheels  are  82  inches  in  diameter,  the  regulation  is 
obtained  by  deflecting  the  nozzle  from  its  most  effective 
position  as  the  load  falls  off;  four  such  wheels  and 
generators  are  in  place ;  the  generators  deliver  current  in 
three  phases,  and  the  revolving  wheels  carry  20  poles, 
the  armature  being  external,  each  generator  delivers  1,000 
horse-power,  running  at  300  revolutions  and  giving  750 
volts.  There  are  twelve  transformers  in  banks  of  three, 
on  foundations  of  steel  beams  and  concrete,  30  inches 
above  the  floor  for  the  purpose  of  cooling  by  a  forced  air 
draught.  ,  Each  transformer  raises  the  pressure  to  19,000 
volts,  making  33,000  volts  between  wires  on  the  3-phase 
circuit,  the  Star  connection  being  used  ;  |ths  of  an  ounce 
pressure  is  used  with  blowers  280  inches  diameter,  each 
requiring  three  horse-power.  There  are  two  3-wire  circuits 
of  No.  I  (B.  and  S.)  copper  wire,  and  the  insulators  are 
placed  on  the  posts  at  the  angles  of  an  equilateral  triangle. 
These  insulators,  over  6-inch  diameter,  are  bell-shaped,  of 
glazed  porcelain,  and  are  bolted  to  the  cross-arm.  There 
are  44  posts  to  the  mile  of  white  cedar,  from  35  to  65  feet 
high,  with  8-inch  tops.  At  Pesadena  the  voltage  is  reduced 
by  oil-cooled  transformers  to  2,200  volts,  and  the  current 
is  used  to  work  a  synchronous  motor  which  drives  a 
direct-current  generator  of  525  kilowatts.  At  Los  Angeles 
there  are  six  250-kilowatt  transformers  reducing  the  electric 
pressure  to  2,200  volts,  and  four  sychronous  motors  which 
drive  generators  for  lighting  with  continuous  current.  The 
information  which  would  be  most  useful  as  to  the  results 
of  working  this  plant  would  be  about  the  continuity  of 
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working  and  freedom  from  interruptions.  Such  informa- 
tion cannot  be  obtained  accurately  except  by  a  prolonged 
stay  at  the  spot,  examination  of  journals,  etc.  I  am  unable 
to  assist  in  this. 

II.  The  Snoqualmie  Falls  have  been  developed  for 
transmitting  power  to  Seattle  and  Tacoma,  by  the  Westing- 
house  Company,  U.S.A.  The  features  of  greatest  interest 
in  this  case  are  the  use  of  the  high  electric  pressure  of 
30,000  volts,  and  the  use  of  aluminium  for  the  conductor 
on  the  long  transmission  line.  It  is  impossible  for  any  one 
to  know  what  success  has  attended  these  novelties,  unless 
he  were  to  examine  not  only  the  plant  but  the  log-book 
and  correspondence.  Continuity  of  performance  is  of 
primary  importance,  but  we  cannot  tell  from  published 
accounts  whether  this  has  been  attained  in  the  present 
plant  with  30,000  volts.  Also  we  have  not  any  means  of 
knowing  what  success  has  attended  the  use  of  aluminium 
wire. 

In  the  development  of  the  Snoqualmie  Falls  a  vertical 
shaft  has  been  dug  260  feet  deep,  10  feet  by  25  feet,  and 
the  tailrace  tunnel  is  200  feet.  A  7  feet  6  inch  -steel 
penstock  is  in  place,  and  there  is  room  for  another.  The 
underground  chamber  for  machinery  is  200  feet  long, 
40  feet  wide,  and  30  feet  high.  The  penstock  is  connected 
at  the  bottom  to  a  steel  receiver  10  feet  diameter,  i  inch 
thick,  and  80  feet  long  horizontally,  besides  60  feet  length 
of  pipe  7  feet  6  inches  diameter. 

There  are  four  1,500-kilowatt  3-phase  alternators  at  a 
frequency  of  45  cycles,  and  at  1,000  volts.  The  armature 
rotates,  and  is  8  feet  diameter,  and  weighs  over  10  tons. 
Laminated  poles  are  cast  into  the  field  frames. 

Transformers  of  500  kilowatts  with  oil  insulation  are 
used.  Mesh  connection  (or  A)  for  the  three  phases  is  used 
both  in  primary  and  secondary. 

As  to  the  high-pressure  transmission  line  of  30  miles,  it 
is  said  that  33  tons  of  aluminium  are  used  for  going  to 
Seattle  and  34  tons  for  going  to  Tacoma,  and  that  each 
route  has  two  separate  3-phase  circuits  with  30  inches 
between  wires,  that  the  average  span  to  Seattle  is  no  feet  and 
to  Tacoma  150  feet,  that  Nos.  i  and  2  B.  and  S.  gauge  and 
Mclntyre  joints  are    used.    There    is    some    discrepancy 
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between    the    weights  of   wire  used  and  the   power  that 
is  said   to  be  transmitted. 

The  whole  of  the  information  here  given  is  taken  from 
technical  journals.  On  this  line  the  electric  pressure  has 
sometimes  been  raised  to  40,000  volts,  when  the  phenomena 
of  brush  discharge  acquire  considerable  importance.  This 
led  Mr  Scott,  of  Pittsburg,  to  his  interesting  experiments  on 
this  subject,  published  by  the  American  Institute  of  Elec- 
trical Engineers. 

III.  The  Paderna  development  of  the  Adda  River  for 
supplying  electric  energy  to  supplement  that  in  use  at  Milan, 
a  distance  of  33  kilometres,  derives  its  chief  special  interest 
electrically  from  the  fact  that  the  energy  is  generated  direct 
in  the  alternator  at  the  comparatively  high  electric  pressure 
of  13,500  volts,  the  plant  having  been  designed  and  con- 
structed by  Messrs.  Brown,  Boveri  &  Co.  The  only 
other  plant  in  the  world  which  can  be  compared  in  this 
feature  with  Paderna  is  the  transmission  by  the  General 
Electric  Company,  U.S.A.,  from  Mechanicsville  to  Schenec- 
tady, where  both  generator  and  motor  are  used  at  10,000 
volts  without  the  intervention  of  any  transformer. 

It  would  be  interesting  to  discuss  the  hydraulic  part  of 
the  work  at  Paderna,  but  it  Is  advisable  under  present  con- 
ditions to  confine  remarks  as  far  as  possible  to  some  of  the 
electric  details.  Under  the  former  head  it  may  be  said  that 
the  minimum  flow  of  the  river  is  taken  at  45  tons  per 
second.  The  dam  is  150  metres  long.  The  canal  has  a  slope 
of  2  per  cent.,  giving  a  velocity  of  270  metres  a  second  when 
the  flow  is  the  maximum  allowed  for.  There  are  three 
tunnels,  whose  total  length  is  1,686  metres.  The  open  canal 
is  582  metres.  The  total  fall  varies  from  28*82  metres  to  24-92 
metres.  The  total  head  available  is  constantly  22*85  nietres, 
and  the  suction  varies  from  6  metres  to  2  metres,  giving  a 
total  power  of  13,000  B.H.P.  The  type  of  turbines  is  hori- 
zontal axis,  double  turbine  to  balance  pressures,  radial  intake 
and  axial  outlet.  Each  double  turbine  developes  2,160 
B.H.P.  at  180  revolutions  per  minute.  A  safety  valve  is 
provided,  but  is  not  required,  as  it  was  found,  when  closing 
the  outlet  of  a  fully  loaded  turbine  in  two  seconds,  that 
the  pressure  rose  only  9  or  10  metres  without  using  the 
valve. 
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The  dynamos  are  of  the  well-known  Brown  construc- 
tion. Each  is  of  2,160  H.P.  at  180  revolutions,  and 
developes  three-phase  .currents.  The  armature  is  fixed  and 
external  to  the  revolving  field,  which  carries  28  poles  of 
steel  with  laminated  horns.  The  poles  are  wound  with 
copper  strip  edge-on.  The  diameter  of  the  revolving  field 
is  4*1  metres,  and  that  of  the  whole  machine  is  5*14  metres. 
The  exciter  is  in  line  with  the  alternator.  The  frequency  is 
42  cycles  per  second.  The  normal  pressure  is  13,500  volts 
at  the  terminals,  and  the  current  should  be  64*5  amperes 
per  phase  with  an  induction  factor  of  i,  or  79  amperes  with 
370  of  lag.  The  efficiency  in  the  former  case  is  95*1  per 
cent.,  in  the  latter  93*4  per  cent.  The  maximum  rise  of 
temperature  is  28°  C.  The  machines  were  deliberately  tested 
at  20,000  to  21,000  volts,  and  it  is  said  that  accidentally  they 
were  caused  to  generate  current  at  30,000  volts  without 
injury. 

The  line  consists  of  three  independent  three-wire  cir- 
cuits on  two  lines  of  posts  two  metres  apart,  the  distance 
between  any  two  wires  of  one  circuit  being  o'6  metre.  The 
mean  distance  between  the  posts  of  one  line  is  60  metres. 
The  distance  of  the  high-tension  transmission  is  32,500 
metres.  The  wires  are  of  copper,  9  mm.  in  diameter,  the 
ohmic  loss  is  8'i  per  cent,  and  the  total  loss  is  11*7  per  cent, 
for  a  lag  of  37°.  A  lag  of  45°  has  been  observed  with  a  line 
on  short  circuit.  Wurtz  lightning-arresters  are  used  at  both 
ends  of  the  line  on  two  of  the  circuits,  and  Siemens  and 
Halske  horns  on  the  other. 

At  Milan  the  pressure  is  reduced  by  Ganz  transformers 
of  350  kilowatts,  and  transmission  gives  place  to  dis- 
tribution. 

The  above  statements  of  facts  are  on  the  authority  of  E. 
Vannotti,  and  were  published  by  Le  G6nie  Civil,  Paris. 

IV.  The  Rheinfelden  plant  is  here  mentioned  to  allow 
of  discussion  on  it,  and  because  it  is  the  most  successful 
development  of  a  low  fall  on  the  general  lines  of  the 
Niagara  undertaking.  It  resembles  Niagara  in  using  a 
vertical  shaft  for  each  turbine  and  dynamo.  It  differs  from 
Niagara  in  having  four  different  types  of  dynamos,  some 
giving  continuous,  and  others  alternating,  current.  The 
turbines  are  by  Escher  Wyss,  the  dynamos  by  Oerlikon 
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and  the  AUgemeine  Elektricitats  Gesellschaft.  The  hydraulic 
works  are  a  model  of  good  work,  which  I  constantly  kept 
before  me  when  planning  the  work  to  be  undertaken  on  the 
Nile  Cataracts  for  the  Egyptian  Government. 

If  1  were  attempting  here  to  give  full  descriptions,  I 
would  devote  much  space  to  this  excellent  installation. 
Many  members  of  this  Institution  have,  however,  inspected 
the  plant,  and  every  engineer  who  wishes  to  master  this 
branch  of  our  profession  is  obliged  to  read  the  most 
admirable  description  published  at  Berlin  (Die  Kraftuher- 
tragungS'Werke  Rheinfelden). 

V.  In  a  paper  dealing  with  transmission  schemes  which 
have  been  carried  out,  the  Genoa  continuous-current  plant 
deserves  great  attention.  Here  water  power  is  available. 
The  turbines  are  connected  by  insulating  RafFard  couplings 
to  insulated  dynamos,  which  are  electrically  connected  in 
series.  Thus  6,ooo  to  8,ooo  volts  are  delivered  at  Genoa  to 
work  insulated  motors,  also  put  in  series  so  as  to  attain  this 
high  electric  pressure.  In  a  scheme  purely  for  transmission, 
and  not  for  distribution,  this  method  of  using  continuous 
currents  has  a  great  deal  of  merit,  and  I  believe  that  we 
shall  all  agree  that  we  owe  a  debt  of  gratitude  to  M.  Thury 
for  the  way  in  which  he  has  worked  out  the  method  at 
Genoa  and  elsewhere.  A  full  account  of  this  work  has 
been  published,  and  deserves  the  closest  attention.  I  could 
mention  cases  which  have  come  under  my  own  notice 
where  this  system  with  continuous  currents  would  give 
better  results  than  the  Niagara  system  with  alternating 
currents. 

VI.  Having  satisfied  your  President's  wish  and  put 
forward  as  a  basis  of  discussion  -some  of  the  plants  in 
different  parts  of  the  world  with  the  actual  working  of 
which  I  have  no  practical  experience,  it  is  a  pleasure  now 
to  turn  to  the  work  of  the  Niagara  Falls  Power  Company, 
concerning  the  working  of  which  I  may  be  able  to  supply 
useful  information. 

I  do  not  propose  here  to  give  a  full  account  of  the 
machinery  which  we  have  made  use  of.  It  has  been  well 
described  in  the  American  Electrician  for  January,  1900. 
It  will  be  better  to  pass  lightly  over  this  part,  and  devote 
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more  attention  to  the  lessons  to  be  learnt  from  the  five 
years  of  working. 

This  plant  derives  its  chief  interest  from  the  following 
facts : — I.  It  was  the  first  place  except  Oyonnax  where  a 
scheme  was  started  on  for  generating  electricity  at  a  water- 
fall, transmitting  it  to  a  distance,  and  distributing  it  to 
.  consumers  for  power.  2.  It  was  and  is  the  largest  project 
of  the  kind.  3.  It  was  the  first  case  of  using  the  alternating 
current  for  power  commercially.  4.  It  was  the  first  case  in 
practice  where  the  commutator  for  continuous  currents  was 
placed  at  the  distant  end  of  the  transmission  line.  5.  It 
was  the  first  plant  to  adopt  low  frequency.  6.  All  the 
generators  are  of  the  same  size  and  pattern.  7.  The 
Niagara  system  in  its  general  features  has  been  adopted 
in  almost  every  subsequent  electrical  development  of  water 
power.  The  principal  feature  of  the  dynamos  is  that  the 
shaft  is  vertical  and  that  the  revolving  field  has  its  poles 
external  to  the  armature.  In  the  original  drawings  and 
specification  issued  to  manufacturers  a  circulation  of  fluid 
for  cooling  the  armature  was  provided ;  the  poles  were 
wound  with  copper  strip  and  mica  insulation,  and  not 
with  wire ;  and  there  were  no  bolts  on  the  outside  ring  to 
create  undue  air-friction.  I  allowed  the  first  three  dynamos 
to  be  built  without  these  features,  but  the  last  seven  have 
had  them  reintroduced. 

The  transformers  at  the  power-house  are  the  first 
ever  made  of  great  size,  and  also  the  first  made  with 
great  attention  paid  to  cooling  by  air-blast  or  oil.  Those 
by  the  General  Electric  Company  are  1,250  H.F.  Those 
by  thfe  Westinghouse  Company  are  2,500  H.P. 

For  the  factories  within  half  a  mile  a  subway  is  used, 
which  I  built  of  concrete. 

For  the  new  Carbide  works  a  "Camp"  conduit,  like 
our  "  Doulton "  conduit,  is  used  with  10,000  volts. 

For  the  Buffalo  transmission  bare  overhead  wire  cables 
are  used. 

The  Aluminium  Company  had  great  trouble  at  first  with 
the  rotary  transformers  used  for  commutating  the  current. 
These  were,  I  believe,  the  first  machines  of  this  class  ever 
ordered  for  commerciaJ  use.  The  Mathiessen  Alkali  Works 
have  eleven  such  machines,  with  one  induction  motor  for 
starting  the  middle  one.     The  others  are  started  from  this 
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by  temporary  belts.  They  have  no  hunting,  no  sparking, 
and  no  grooves  on  the  commutators.  Hunting  is  prevented 
by  a  modification  of  the  Leblanc  cage  on  the  poles.  Each 
machine  has  six  poles,  and  sparking  is  prevented  by  con- 
necting together  metallically  all  the  commutator-bars  which 
are  in  the  same  phase.  To  prevent  grooving  of  commu- 
tators the  shaft  is  free  to  move  axially,  and  motion  is  given 
to  it  by  an  electro-magnet  and  spring,  the  current  for  the 
electro-magnet  being  periodically  interrupted  by  clockwork 
mechanism  on  the  wall. 

The  Carborundum  Company's  plant  is  chiefly  interest- 
ing for  the  adjustable  transformers,  which  allow  very  large 
variations  in  the  volts  and  current.  These  have  often  been 
described  in  technical  journals.  This  service  could  not 
have  been  given  had  we  adopted  three-phase  alternators, 
and  the  rotary  transformers  would  not  have  succeeded  but 
for  our  low  frequency. 

In  the  new  works  of  the  Carbide  Company,  ten  Wagner 
transformers,  each  of  2,000  H.P.,  were  being  put  in  when 
I  was  last  there.  This  plant  is  interesting  from  the  fact 
that  the  serious  short  circuits  frequently  occurring  in  the 
electric  furnace  can  be  satisfactorily  dealt  with. 

Passing  over  other  matters  concerning  which  a  volume 
might  be  written,  it  will  be  well  to  say  a  few  words  about 
the  transmission  line  to  Buffalo. 

The  chief  peculiarity  of  the  Buffalo  transmission  line  is 
that  three-phase  currents  are  used,  though  generated  in  two 
phases.  I  very  much  preferred  alternators  of  two  phases 
as  being  more  easily  tested  and  attended  to,  and  as  giving 
a  more  useful  machine.  For  the  transmission  to  Buffalo 
I  had  no  great  preference  for  one  over  the  other,  but  I 
found  that  we  should  be  better  served  by  yielding  to  the 
wishes  of  the  contractors  and  putting  in  Mr.  Scott's 
ingenious  arrangement  for  changing  from  two-phase  to 
three-phase.     Fig.  i  shows  the  connections. 

There  were  six  bare  cables  on  one  cross-arm  of  the 
posts  all  the  way  from  Niagara  to  Buffalo,  but  this  an-ange- 
ment  is  to  be  altered. 

From  Niagara  to  Terminal  House,  Buffalo,  is  25  miles. 
„      Terminal   House  to  Railway  House  is  2      „ 
„  „  Lighting       „  4      „ 

„  „  „  3  Substations  4J    „ 
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The  full-load  inductive  E.M.F.  is  15  per  cent,  of  the 
whoJe.  At  some  stations  the  current  leads  the  E.M.F*. 
instead  of  lagging.  The  Buffalo  cables  are  three  insulated 
lead-covered  cables  in  a  pipe,  and  the  capacity  of  each  is 
0-55  microfarads  per  mile  from  copper  to  lead.  The 
conductors  on  the  transmission  line  are  0*6  inch  diameter, 
18  inches  apart* half  the  way,  36  inches  the  rest.    The  posts 
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Fig.  I. — Sketch  showing  transformation  from  two  phases  to  three  phases. 

are  75  feet  apart.  The  top  cross-arms  are  30  feet  above 
ground.  The  posts  are  8  inches  diameter  at  the  top.  They 
are  not  strong  enough  for  the  weight  and  are  bent  badly. 

Originally  a  barbed  wire  ran  the  whole  distance  over 
the  conducting  wires.  After  the  snowstorm  of  December 
4th,  1898,  it  was  removed.  It  was  grounded  at  every 
second  post. 

Having  looked  carefully  into  the  cause  of  every  inter- 
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ruption  of  electric  supply  that  has  occurred  in  four  years, 
I  have  to  say  that  not  a  single  electrical  trouble  has  occurred 
that  might  not  be  prevented  in  any  similar  plant  laid  down 
in  future. 

In  this  brief   reference   to   the  work  at  Niagara   Falls 
many  features  of  considerable  importance  must  be  omitted ; 
but    I    should    like    to    draw   attention    to    the    ingenious 
automatic  cut-outs  with  the  introduction  of  which   I  had 
nothing  to  do,  and  which  I  am  therefore  free  to  praise,  as 
they  have  been  of  the  highest  value  in  preventing  interrup- 
tions of  supply  on  the  Buffalo  transmission.     The  electro- 
magnetic arrangement,  which  comes  into  play  when  excess- 
ive current  passes  due  to  a  short  circuit,  merely  serves  to 
start   some   clock   mechanism  which  after  a   short  period 
cuts  out  the  line  if  the  excessive  current  is  still  passing. 
On  the   Buffalo  distribution  these  automatic  cut-outs  are 
set  so  as  to  act  after  one  or  two  seconds  ;   at  the  Buffalo 
end  of  the  transmission  line  after  three  seconds,  and  at  the 
Niagara  end  after  four  seconds.     Thus   a  short-circuit  in 
Buffalo  cuts  out  the  distributing  lines,  and  no  others.     At 
the  Terminal  House,  Buffalo,  it  cuts  out  the  supply  mains, 
but  not  the  transmission  line ;  and  at  Niagara  if  a  short- 
circuit  lasts  four  seconds  the  supply  to  the  transmission  line 
is  cut  out. 

Another  ingenious  appliance  at  Buffalo  is  a  motor 
supplied  by  the  three  transmission  cables  so  balanced  that 
the  motor  will  not  move  except  when  the  balance  is 
destroyed  by  an  earth  or  short  circuit  on  the  line,  when 
its  motion  removes  the  defective  line,  or  switches  the 
whole  load  on  to  the  other  line. 

There  is  a  practical  matter  regarding  the  regulation  of 
the  turbines  which  deserves  notice.  At  the  period  of  my 
last  inspection  Buffalo  was  supplied  by  two  dynamos. 
Now  the  first  three  turbines  put  down  were  regulated  by 
a  purely  mechanical  governor ;  the  later  ones  by  a  more 
sensitive  electrical  governor.  It  is  found  in  practice  that 
the  supply  at  Buffalo  is  most  steady  when  the  two  turbines 
driving  the  dynamos  arc  regulated,  one  by  a  sensitive,  and 
the  other  by  a  coarser  governor. 

In  conclusion  of  these  remarks  about  the  Niagara- 
Buffalo  transmission  it  may  bo  interesting  to  mention  a 
few  of  the  causes  of  interruption  of  the  current.     Some 
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of  the  Italian  workmen  stole  copper-wire.  They  were  put 
in  prison.  Whereupon  their  relatives'  short-circuited  the 
wires.  Boys  threw  chains  over  the  transmission  wires  to 
watch  the  sparks,  until  the  detectives  caught  them.  Short- 
circuits  or  earths  have  also  been  caused  by  fumes  and 
carbon-dust  deposited  on  snow  on  the  insulators,  by  fourth 
of  July  rockets,  by  sleet,  by  lightning,  by  careless  workmen, 
by  rats.  Interruptions  have  occurred  by  overload  on 
rotary  transformers,  by  attendants  using  switches  wrongly, 
by  lightning  arresters,  by  bad  switches  on  consumers' 
premises,  by  accidental  fire,  by  ice-blocks  on  the  canal 
headrace.  Insulators  are  a  temptation  to  the  owners  of 
revolvers,  but  this  trouble  has  not  existed  at  Niagara  so 
much  as  in  Switzerland.  These  are  only  extracts  from 
the  nearly  complete  list  which  I  made  out  from  four  years' 
working. 

I  now  turn  to  the  second  portion  of  this  paper  dealing 
with  some  of  the  problems  which  I  suppose  have  been 
threshed  out  independently  by  each  one  who  has  had  to 
carry  out  any  large  transmission  scheme.  I  wish  to  draw 
attention  to  Lord  Kelvin's  law  of  economy,  to  the  use  of 
boosters  and  phase  rectifiers,  to  the  relative  merits  of 
different  kinds  of  polyphase  systems,  to  overhead  and 
underground  conductors,  and  to  the  use  of  aluminium. 

Kelvin's  Law. 

I  should  like  to  see  an  accurate  volume  published  on 
the  correct  use  and  development  of  Kelvin's  law  of  economy. 
Here  I  must  condense.  The  data  on  which  we  choose  our 
current  density  by  this  law  depends  on : — (i)  price  of  copper, 
(2)  price  per  annum  of  the  H.P.,  (3)  interest  on  price  of 
copper.  I  desire  to  draw  attention  to  the  meaning  of  (2) 
and  (3).  When  using  water  power  which  is  unlimited 
compared  with  the  demand,  (2)  is  the  price  per  annum  of 
generating  the  power.  When  the  water  power  is  limited 
and  the  demand  unlimited,  (2)  is  the  selling  price  of  the 
power.  If  the  copper  be  mortgaged,  (3)  is  the  interest 
paid  on  the  mortgage,  say  4  per  cent.  If  the  copper  is  paid 
for  out  of  capital,  (3)  is  the  interest  to  be  paid  in  dividends 
on  the  capital,  say  15  per  cent.  I  do  not  think  that  attention 
has  been  explicitly  directed  before  to  these  points. 


Digitized  by  LjOOQ  IC 


642         FORBES:  ELECTRIC  POWER  TRANSMISSSON.     [April  26th, 

Boosters. 

Lord  Kelvin's  law  as  he  announced  it  was  only  true  if 
the  electric  power  measured  at  each  end  of  the  line  was 
approximately  the  same ;  in  other  words,  if  the  percentage 
drop  in  volts  was  small.  Ayrton  and  Perry  showed  that 
Lord  Kelvin,  through  neglect  to  notice  this,  was  led  to 
deduce  wrong  conclusions  as  to  the  economical  current 
density  to  transmit  power  from  Niagara  to  New  York. 

But  by  using  boosters  along  the  line  the  drop  in  volts 
can  be  corrected.  Take  as  example  an  ordinary  trans- 
mission line  of  forty  miles,  in  which  the  ohmic  loss  in 
power  and  volts  is  40  per  cent.  Divide  the  line  into  four 
sections  of  ten  miles  with  a  loss  of  10  per  cent,  in  each. 
Now  place  alongside  of  it  a  booster  line.  At  the  ten-mile 
station  increase  the  volts  to  the  original  amount  by  a 
booster  at  the  expense  of  10  per  cent,  of  current.  In  the 
second  section  there  is  only  90  per  cent,  of  the  current,  so 
if  the  conductor  is  the  same  sectional  area  throughout,  the 
second  section  of  the  booster  line  may  be  eleven  miles 
before  losing  the  same  as  any  section  of  the  non-booster 
or  ordinary  line.  The  third  section  will  have  a  length  of 
I'l  X  1*1  X  10  miles  =  12*1  miles  ;  the  fourth  has  a  length  of 
i3'3i  miles.  Thus  on  the  booster  line  the  total  loss  of  40 
per  cent,  is  reached  only  after  traversing  a  distance  of 

10+  II +  I2-I  + 13-31  =  46-41, 

instead  of  forty  miles  without  boosters,  and  with  the  same 
sized  wire.  If  instead  of  keeping  the  wire  of  constant 
section  in  the  booster  line  we  had  kept  the  length  of 
sections  each  of  ten  miles,  and  had  kept  the  current  density 
constant,  the  sectional  area  of  the  conductor  in  the  four 
sections  would  have  been  in  the  ratios  I'o,  0*9,  0*81,  0729, 
whose  sum  is  3'439.  The  weight  of  copper  on  the  booster 
system  would  be  thus  reduced  in -the  ratio  3*439  :  4,  while 
the  efficiency  would  be  65*61  per  cent,  instead  of  only 
60  per  cent,  without  boosters  ;  or,  to  put  it  in  another  way, 
the  same  loss  at  forty  miles  would  be  obtained  on  the 
booster  line  with  a  reduction  in  weight  of  copper  in  the 
ratio  of  34-42  :  40*,  which  requires  only  74  per  cent,  of  the 
copper.  In  this  example  the  loss  in  the  booster  has  been 
neglected  for  simplicity  of  description,  but  would  be  taken 
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account  of  in  practice.  If  the  efficiency  of  the  alternating 
current  booster  is  98  per  cent,  on  ^^th  'of  the  power,  the 
total  loss  in  the  booster  is  ^  x  ^q  =  ^Iq  of  the  power, 
which  may  well  be  neglected  in  a  general  statement  of 
results.  The  effects  of  capacity  and  self-induction  (if 
alternating  currents  be  used)  have  also  been  omitted  in  this 
description,  and  if  not  nullified  the  usual  corrections  must 
be  made. 

Table  I.  gives  the  weight  of  copper  per  horse-power 
and  kilowatt  delivered  at  the  receiving  end  of  a  transmission 
line  one  hundred  miles  long  with  10,000  volts  at  the  gene- 
rating end,  without  boosters,  i.e.,  in  one  section.  Tables  II., 
III.,  and  IV.  give  the  results  with  boosters  when  the  line  is 
divided  into  two,  three,  and  four  sections  respectively. 
Corrections  must  be  made  for  capacity,  self-induction, 
temperature,  and  sag. 

Another  way  of  working  the  booster  system  is  to  add 
to  the  distance  already  covered  a  new  section  of  the  same 
length  as  previous  ones,  with  the  current  density  calculated 
by  Lord  Kelvin's  law.  In  this  case  the  cost  of  power  must 
include  the  cost  of  copper  up  to  the  commencement  of  the 
new  section. 

We  may  start  with  one  section  and  with  power  costing 
nothing.  In  this  case  Kelvin's  law  gives  the  economical 
inefficiency  =  2  (see  my  paper  before  the  Society  of  Arts, 
November,  1898).     The  weight  of  copper  for  this  section 

per  kilowatt  delivered  =  4  x  1571   (y^i^)*      In  any  other 

section,  the  «'*,  let 

e„  be  inefficiency  of  that  section. 

^57^  {^y  ^«  be  weight  of  copper  for    „ 

E^  be  accumulated  inefficiency  of  n  sections. 

1571  (^p)*  C  be  accumulated  weight  of  copper, 

(In  Table  VI.  I  call  c„  and  C„  the  copper  factor.) 
Then,  e„  =  l+   --.}---;  c,^  — ^•'— 

Table  VI.  gives  the  values  of  these  quantities  for  24 
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sections  of  equal  length,  uncorrected  for  capacity  and  self- 
induction. 

If  now  we  wish  to  use  this  table  for  other  cases  where 
the  cost  of  power  is  C^  which  corresponds  in  Table  VI.  to 
an  inefficiency  E^ ;  then  the  economical  inefi&ciency  say  for 

8  sections  is  ..^^^and  the  economical  weight  of  copper 

per  kilowatt  delivered  is  1571  (^^)^      (C^  +  »  —  C^ ).      In 

this  way  Table  V.  has  been  computed. 

Tables  I.  to  VI.  embody  some  of  the  best  results  of  my 
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study  of  the  booster  method  from  the  year  1894  up  to 
to-day.  The  curves  on  Fig.  2  show  the  tons  of  copper 
required  for  each  horse-power  delivered  at  different  in- 
efficiencies. It  will  be  seen  from  them  that  by  the  booster 
method  I  am  able  to  reduce  the  weight  of  copper  (by 
putting  in  more  turbines  and  dynamos)  in  some  cases  to 
less  than  one  half  of  what  was  possible  by  the  old  system. 

The  chief  advantage  of  using  boosters  is  to  save  copper 
at  the  cost  of  power  generated  where  the  latter  is  cheap 
and  the  distance  very  great.  In  a  paper  before  the  Society 
of  Arts  in  November,  1898,  it  was  shown  that  in  the 
ordinary  method  of  working  there  is  no  saving  of  copper 
when  the  efficiency  is  below  50  per  cent.  But  if  we  wish 
it  we  can  save  copper  still  farther  by  making  the  efficiency 
still  lower,  and  using  the  method  now  indicated. 
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Fig.  3  explains  the  action  of  boosters  (i)  for  single  or  two 
phase,  (2)  for  continuous  current,  (3)  for  three  phase.  I 
believe  that  Mr.  Gisbert  Kapp  was  the  first  to  construct  an 
alternating-current  booster  as  here  shown. 

Mr.  Scott,  of  Pittsburg,  is  the  only  person  I  know  of 
who  has  published  anything  bearing  on  this ;  but  his 
published  statements  are  arithmetically  erroneous,  and  so 
misleading,  and  he  does  not  appear  to   have  noticed  the 


M  y 


Fig.  3. 


possibility  of  being  able  to  save  copper  by  reducing  the 
efficiency  below  50  per  cent. 


Induction  Factors  and  Phase  Rectifiers. 

The  low  power  factor  of  induction  motors,  which  lies 
commonly  between  o-6  and  o*8,  must  be  carefully  taken  into 
account  when  designing  any  power  scheme  where  these 
are  used.  Synchronising  motors  can  be  adjusted  so  as  to 
be  without  either  lag  or  lead.     But  they  have  not  been  so 
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largely  adopted  as  they  might  have  been  but  for  the 
necessity  of  this  adjustment.  The  Oerlikon  Company  have 
used  synchronous  motors,  doing  no  work,  in  parallel  with 
the  inductive  load  to  furnish  what  has  been  called  the 
wattless  current.  In  this  case  the  synchronous  motor  is 
excited  so  as  to  act  as  a  condenser,  and  is  placed  at  the 
receiving  end  of  the  line.  There  are  other  methods  by 
which  idle  synchronous  motors  may  be  used  to  overcome 
self-induction,  and  this  becomes  an  important  matter  in 
long-distance  transmission. 

The  self-induction  of  the  line  has  to  be  taken  into 
account,  and  I  would  have  added  to  this  paper  the  tables 
necessary  for  working  out  all  the  effects,  and  which  I  have 
used  for  many  years,  were  it  not  that  this  would  alter  the 
character  of  the  paper.  Table  VII.  has  been  inserted,  how- 
ever, to  give  some  notion  of  the  magnitude  of  the  effect,  and 
it  shows  at  a  glance  the  factor  by  which  the  ohmic  drop  of 
volts  must  be  multiplied  in  order  to  give  the  true  drop  due 
to  induction  and  resistance,  with  different  frequencies,  and 
with  different  diameters  and  distance  of  wires,  with  single 
phase.  Distance  of  transmission  does  not  affect  this  factor. 
I  ought  to  state  that  an  American  wire  gauge  is  used  in 
Table  VII.  only  because  the  table  was  completed  when 
I  was  working  in  the  United  States  on  the  Niagara  scheme. 

When  dealing  with  parts  of  the  world  free  from  tele- 
graphs and  telephones,  the  beginner  is  apt  to  lay  undue 
stress  on  the  advantages  of  using  an  earth  return  with  single- 
or  two-phase  transmission,  and  overhead  wires.  So  soon  as 
he  calculates  the  effects  of  induction  he  generally  finds  that 
the  benefit  is  not  what  he  thought.  Take  the  case  of  the 
Niagara-Buffalo  line,  with  cables  o-6  inch  diameter  and 
30  feet  above  ground,  and  using  a  frequency  of  25  cycles  per 
second.  The  impedance  is  the  same  as  with  similar  cables 
(go  and  return)  60  feet  apart  and  the  factor  is  prohibitive. 


Choice  of  Polyphase  Systems. 

In  choosing  a  polyphase  system  we  may  use  two-phase, 
or  three-phase  star,  or  three-phase  mesh.  Three-phase  star 
cannot  well  be  used  if  any  consumer's  plant  uses  only  one- 
phase,  as  was  proved  from  actual  trials  in  a  paper  I  read 
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before  this  Institution  in  1893.  For  these  cases  two-phase 
or  three-phase  mesh  must  be  used.  Three-phase  mesh  sub- 
jects the  transformers  to  17  times  the  electric  pressure 
experienced  by  three-phase  star,  or  two-phase,  each  earthed 
at  the  centre  of  the  electric  system. 

The  principal  advantage  of  the  two-phase  is  that  the  two 
circuits  may  be  electrically  disconnected,  either  always  or 
else  during  tests.  This  facilitates  the  detection  of  troubles 
and  gives  far  greater  security,  as  I  have  convinced  myself 
beyond  doubt  in  actual  practice. 

It  has  been  generally  assumed  that,  using  the  same 
electric  pressure,  the  three-phase  system  uses  only  |  of  the 
copper  required  for  the  two-phase.  This  is  founded  purely 
on  the  convention  adopted  in  defining  the  electric  pressure — 
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Two  phages. 


Three  phdses. 


Fig.  4. 


In  Fig.  4  a  three-phase  star  and  a  two-phase  system  are 
represented,  each  with  10,000  volts  between  any  one  wire  and 
the  middle  of  the  electric  system,  which  may  be  conveniently 
earthed ;  and  the  two  systems  represented  require  the  same 
weight  of  copper  to  give  the  same  effect  (though  not  the 
same  number  of  insulators).  The  volts  between  neighbour- 
ing wires  in  these  cases  are  17,320  with  the  three-phase,  and 
14,124  with  the  two-phase  ;  yet  the  convention  is  to  speak 
of  these  cases  as  being  17,320  with  three-phase,  and  20,000 
with  two-phase.  This  might  be  an  unobjectionable  conven- 
tion if  the  trouble  arising  from  high  electric  pressure  was 
due  to  risks  of  sparks  passing  from  wire  to  wire.  I  doubt  if 
any  one,  with  practical  experience  of  the  troubles  that  do 
arise,  could  support  this  view.  Nine-tenths  of  the  troubles 
come  either  from  accidental  or  malicious  short  circuits,  or 
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else  from  leakage  of  two  conductors  to  earth.  The  former 
cause  produces  a  breakdown  in  any  case.  Hence  leakage  to 
earth  is  the  only  factor  to  be  considered  in  this  connection, 
and  in  the  cases  shown  in  Fig.  2  the  security,  as  measured 
by  electric  pressure  on  insulation,  and  the  weight  of  copper 
are  the  same  for  three-phase  and  for  two-phase. 

Overhead  and  Underground  Conductors. 

The  choice  between  bare  overhead  conductors  and 
insulated  cables  underground  has  generally  to  be  decided 
upon  considerations  other  than  economy  or  effectiveness. 
In  this  country  insulated  cables  will  generally  be  employed. 
In  this  case  self-induction  of  the  line,  which  we  know  how 
to  compensate  in  any  case,  can  be  got  rid  of.  But  the 
effects  of  capacity,  which  are  more  troublesome  to  deal  with, 
are  much  increased.  The  electric  pressure  to  be  selected  on 
an  underground  transmission  depends  almost  entirely  on 
the  financial  side  of  the  question  regarding  relative  costs 
for  insulation.  The  Rheinfelden  plant  was  the  first  case 
where  the  electric  pressure  was  selected  solely  with  a  desire 
to  obtain  the  best  economy.  In  almost  all  other  cases  the 
pressure  has  been  chosen  by  rules  which  depend  on  the 
timidity  or  rashness  of  the  engineer,  and  occasionally  on  his 
past  experience.  We  have  not  yet  reached  such  pressures 
as  require  account  to  be  taken  of  electric  air-convection  ot 
brush  discharge  from  surfaces  of  small  radius  of  curvature, 
except  for  temporary  experiments. 

Aluminium  Conductors. 

A  few  words  must  be  said  about  the  use  of  aluminium  as 
a  conductor.  The  weight  of  aluminium  required  is  almost 
exactly  one  half  of  the  copper  which  would  produce  the 
same  effect.  The  diameter  of  cable  is  28  per  cent,  in  excess 
of  one  made  of  copper,  and  the  cost  of  insulation  for  an 
underground  cable  is  increased  in  about  the  same  propor- 
tion when  we  pass  from  copper  to  aluminium. 

Aluminium  is  not  a  pleasant  metal  to  deal  with,  but  its 
high  conductivity  will  make  it  invaluable  for  overhead 
transmission.  It  is  true  also  that  the  weight  to  be  supported 
on  posts  is  half  of  copper,  but  the  surface  exposed  to  the 
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wind  is  greater  and  its  strength  is  not  great.  The  chief 
drawback  to  its  use,  especially  overhead,  is  its  liability  to 
become  rotten.  This  defect  does  not  exist  if  the  metal  be 
pure  and  especially  if  free  from  sodium.  But  exposure  to 
the  atmosphere,  especially  near  the  sea,  induces  deterioration. 
The  fact  that  aluminium  is  easily  oxidised  ought  not  to 
condemn  it.  The  same  is  true  of  iron  and  steel,  and  yet  we 
do  not  hesitate  to  place  structures  of  these  metals  in  exposed 
positions.  Only  we  paint  them  ;  so  I  propose  that  we  paint 
or  varnish  our  aluminium  conductors  wherever  necessary. 
We  have  had  little  experience  in  this  direction.  I  laid 
out  a  few  hundred  yards  of  J-inch  aluminium  wire  on  a 
Scotch  estate  a  year  ago,  and  am  watching  the  effects  of 
weather. 

Having  now  dealt  almost  entirely  with  the  work  of 
foreign  manufacturers,  I  should  like  to  suggest  that  a  British 
type  of  power  transmission  might  be  worked  out  differing  in 
some  details  from  what  is  becoming  the  normal  arrangement. 
But  it  would  be  an  impertinence  on  my  part  to  appear  to 
suggest  to  manufacturers  how  best  to  look  after  their  own 
interests.  The  reason  why  I  venture  to  broach  this  question 
is  that  I  observe  in  the  many  tenders  that  come  under  my 
notice  for  power  transmission  a  tendency  to  crystallise  the 
proposals  and  to  settle  into  grooves  which  do  not  seem 
always  to  be  the  best.  This  stereotyped  character  has  lately 
forced  itself  on  my  attention  in  connection  with  the  pro- 
posed Mysore  development  of  water  power,  and  electric 
transmission  over  90  miles.  I  received  five  tenders  from 
the  firms  most  experienced  in  this  work  in  Europe  and 
America.  The  most  remarkable  feature  was  their  great 
resemblance  to  one  another  except  in  certain  details.  ■  They 
all  used  3-phase  alternating  currents  generated  at  an  electric 
pressure  between  2,000  and  3,000  volts.  The  units  varied 
from  1,000  to  1,333  H.P.  Three  used  mesh  connections, 
and  two  used  star  connections.  The  frequency  varied  from 
25  to  40.  All  used  separate  turbines  for  exciters.  All  had 
turbines  and  dynamos  on  the  same  horizontal  shaft.  The 
electric  pressure  used  for  transmission  varied  from  23,800  to 
30,000  volts.  Three  preferred  oil  cooling  for  transformers, 
one  air-blast,  and  one  natural  ventilation.  The  line  con- 
struction varied  considerably,  so  did  the  working  of  the 
distant  transformer  station.     It. is  not  desirable  to  go  further 
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into  details,  but  it  may  be  said  that  in  every  case  two 
complete  and  independent  sets  of  conductors  were  pro- 
posed. Also  the  loss  allowed  on  the  line  was  not 
determined  by  Lord  Kelvin's  law,  but  generally  on  the  basis 
of  enabling  the  proportioning  of  volts  to  load  to  be  capable 
of  adjustment  without  altering  the  speed. 

Most  of  the  arrangements  now  mentioned  are  admirable, 
and  their  similarity  shows  that  there  is  a  consensus  of 
opinion  in  their  favour. 

I  would  suggest  as  subjects  worthy  of  your  consideration 
the  following  points  : — 

1.  The  arrangement  which  suits  a  transmission  line 
which  is  also  a  distributor  of  power  does  not  necessarily 
yield  the  best  results  for  a  plant  transmitting  the  whole 
power  to  a  long  distance. 

2.  The  high-pressure  continuous-current  system  is  very 
suitable  for  certain  cases,  as  worked  out  at  Genoa. 

3.  The  two-phase  alternating  current  is  to  be  preferred 
over  the  three-phase  in  many  cases,  and  especially  where 
an  earth  return  can  be  used. 

4.  The  horizontal  shaft  for  turbine  and  dynamo  which 
is  so  much  in  vogue,  might  well  be  replaced  by  a  vertical 
shaft,  as  at  Niagara,  Rheinfelden,  and  other  places. 

I  should  like  to  mention  other  matters,  but  do  not  con- 
sider the  time  opportune.  Some,  no  doubt,  will  be  spoken 
of  during  the  discussion,  and  any  remarks  from  others  who 
have  had  experience  of  these  matters  will  be  of  value.  Most 
of  what  has  been  said  in  this  paper  has  reference  primarily 
to  cases  where  water  power  is  used,  and  generally  to 
countries  where  bare  overhead  conductors  are  permitted. 
But  generally  the  same  considerations  have  a  bearing  upon 
cases  where  the  power  is  generated  by  steam  and  where  the 
cables  are  underground,  although  the  distinctive  characters 
of  the  two  cases  are  very  marked.  With  insulated  cables 
the  cost  of  insulation  takes  away  from  the  superiority  of 
two-  over  three-phases  except  perhaps  when  a  common 
return  is  used.  The  same  cause  acts  against  the  use  of 
aluminium  in  place  of  copper  underground.  Again,  in 
cases  of  generating  power  at  the  coal-pits,  the  transmission 
line  generally  becomes  also  a  distribution  line  and  militates 
against  the  use  of  known  methods  for  increasing  the  power 
factor.     But    the  most    important  difference   between  an 
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underground  and  an  overhead  transmission  must  be 
noticed,  viz.,  that  induction  in  one  case,  and  capacity  in 
the  other,  is  the  trouble  that  demands  the  most  careful 
attention. 

It  has  been  my  desire  in  this  paper  to  disclaim  all  idea 
of  teaching  the  members  of  this  Institution  anything  about 
their  profession.  This  is  not  a  class-room.  The  object  of 
this  paper  is  only  to  put  down  a  few  of  the  ideas  about 
electric  transmission  that  have  occurred  to  me  in  practice 
during  the  last  ten  years,  and  which  seem  to  be  the  most 
important  at  this  date  to  draw  attention  to,  and  to  ask  other 
men  of  experience  in  this  work  to  tell  us  some  of  the  results 
that  they  have  obtained. 


voti  XXIX.  44 
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TABLE   I. 

100   MILES  ;    10,000   VOLTS.      ONE   SECTION. 

e  =  Inefficiency.     E  =  Efficiency. 
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Efficiency. 

Inefliciency. 

Tons  Copper  per 
H.P.  delivered. 

, 

'                017 

59*17 

2-27 

I 

8-27 

•5^ 

'S2 

3-13 

•333 

•6i 

163 

■395 

1              92 

! 

109 

1-451 

TABLE   in. 

100  MILES  ;    10,000  VOLTS.     THREE  SECTIONS. 

Efficiency. 

Inefficiency. 

Total  Copper  per 
H.P.  delivered. 

07 

135 

488 

•09 

1 10 

•435 

•II 

9-2 

•393 

•13 

7'7 

•361 

•15 

6-5 

•335 

•18 

5*5 

•315 

•21 

4-8 

•300 

•24 

41 

•290 

•28 

3-6 

•283 

•32 

32 

•280 

■36 

2-8 

•280 

•40 

2-5 

•285 

•45 

22 

•295 

•51 

20 

•311 

•56 

r8 

•336           1 

•62 

r6 

•375 

•69 

15 

•437 

76 

1-3 

•545 

•&4 

1-2 

•766 

II 

1-441 

1 
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TABLE   IV. 

ICO  MILES  ;    10,000  VOLTS.      FOUR  SECTIONS. 


Efficiency. 

Inefficiency. 

Tons  Copper  per 
H.P.  ddivered. 

10 
•21 

•38 
•63 

•92 

1 

9-8 
4-8 
2-7 
1-6 
11 

•344               1 
•267 
•260 
•365 

1-435 

1 

TABLE  V. 

100    MILES  ;     10,000    VOLTS. 
EIGHT     SECTIONS     OF    DIFFERENT    CURRENT-DENSITIES. 


Efficiency. 

Inefficiency. 

H.P.  delivered. 

•53 

1*9 

•396 

•50 

20 

•348 

•45 

22 

•330 

•42 

2-4 

•303 

•37 

27 

•273 

•31 

3-2 

•241 

•23 

4"3 

•207 

•13 

7-8 

•141 
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TABLE   Vr. 


1 

Section. 
£ 

Eft'icicncy 
of  Section. 

•5000 

e„ 

Inefficiency 
of  Section. 

Copper  Factor 
for  Section. 

40000 

E„ 

Accumulated 
Inefticicncy. 

2  000 

c„ 

Accumulated 
Copper  Factor. 

20000 

4000        j 

2 

•6909 

14472 

46832 

2894 

10-472      1 

3 

7721 

12952 

56820 

3749 

19-245        , 

4 

•8181 

12223 

67223 

4582 

30-245 

5 

•8482 

II789 

77687 

5402 

43-425 

6 

•8696 

11500 

88147 

6-212 

58-754 

7 

•8854 

II294 

9-8601 

7016 

76-217 

8 

•8978 

11138 

10-901 

7-815 

95792 

9 

9078 

IIOI6 

n'939 

8608 

117-463 

10 

•9158 

IO919 

12976 

9400 

141-226 

II 

•9226 

10839 

1401 1 

10188 

167091 

12 

•9284 

I  077 1 

15042 

10-974 

195-012 

13 

•9334 

10714 

1607 1 

1 1 757 

225001 

14 

•9376 

10665 

17099 

12-539 

257-059 

15 

•9414 

10623 

18128 

13320 

291  198 

i6 

•9447 

10585 

19152 

14100 

327-382 

17 

•9477 

1-0552 

20177 

1487^ 

365-627 

i8 

•9504 

10522 

21199 

15-654 

405-909 

19 

•9527 

10496 

22*222 

16-431 

448265 

20 

•9549 

10472 

23244 

17-207 

492-66^ 

21 

•9569 

1-0450 

24264 

17-980 

539-094 

22 

•9588 

10430 

25281 

18-754 

587-551 

23 

•9604 

I  041 2 

26300 

19-527 

638060 

24 

•9619 

10396 

27322 

20300 

690652 
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TABLE 

IMPEDANCE  FACTORS. 


r- 


,    Dia* 

and 

GauRc. 


I 
} 
i 
0000 
000 
00 

o 


Diitance  Diitance 

6  in.      I  12in. 

Factor.  F.iclor. 

I 


F  reqncncy 


1842 

1387 
iin 
1085 
1057 
1038 
1*0264 


2182 
1-546 


Distance 
24  in. 

Factor. 


/=  15 
2535 
1720 


I-I57 

1-210 

1120 

I  167 

1081 

rio8 

1-054 

1068 

1036 

1048 

2-291 

!  1-624 
'  1*190 


I 
I 

i 

0000    1-146 
000 ' 
00 


i-ioo 
1067 
10^6 


I 


27654 
1-8890 
1-285 


0000  I  1-222 

000  I  1-152 

00  !  1-103 

o  I  1071 


/=  20 

2*771 
1863 
1-263 
I -206 

I-I39 
1-093 
i-o6> 

y  =  25 

33826 

2209 

1-393 
1306 

1*210 
I  142 
1-097 


3261 
2-1X6 

I-35I 
1-271 
1-184 
1-123 
1-084 


4012 
2-543 
1-513 
1-399 
1276 
1*187 
1127 


Distance 
4Sin. 


2904 
1*903 
1*267 
1*203 

II37 
1090 
1061 


3768 
2-378 
1-441 
1-341 
1-233 
1*155 
1-J06 


4-642 
2*885 
1*637 
1*498 
1-345 
1-235 
1*160 


Dia.* 

and 

Gauge. 


I 

i 

i 

0000 

000 

00 

o 


I 

9 

i 

0000 

000 

00 

o 


Distance  \  Distance 
Bin.  12  in. 

Factor.        Factor. 


Ditftance 
24  in. 
Factor.    1    Facta 


48m 


3-51 

2338 

1-462 

1-362 

1252 

1-173 
1121 


4-381 
2781 
1625 

1*495 
1*344 
1238 
1165 


F  rcquettcy 
5*221 

3*237 
1-803 

1*634 
1*445 
1-311 
1-215 


6-081 
3700 
I-98J 
1780 
1-551 

j  ly^ 

i    1-268 


1 

4-2447 

5*2661 

f 

2*7520 

33072 

i 

1-6342 

1*8480 

0000 

1*5033 

1-6753 

000 

13566 

1-4808 

00 

1-2493 

1-33/1 

0 

1*1747 

1-2345 

/=40 

6-2961  i  7-33°^' 

3-8719  4-44^ 

20726  2-3050 

1-8579  ;  2-04*> 

1*6136  i  17553 

1-4326  i-53.>» 

1-3023  I  rj7.^ 

/=6o 


6-2681  1 

7-8194 

93778 

iO"93^ 

39738  ; 

4*8334 

56995 

6-369« 

2-1817  . 

25365 

29009 

3-2718 

1-9583  ' 

2-2505 

2-5527 

28614 

1-7002  1 

1-91^ 

2*1480 

Tl¥ 

1-5040  1 

1-6651 

18352 

2-0154 

1-3593  1 

1*4763 

1*6019 

1*7627 

To  find  tnie  drop  in  line,  multiply  ohmic  drop  by  factors  in  these  tables. 
*  Diameter  in  inches,  Gauge  Krown  &  Sharp, 
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and 

Distance     Distance 
6  in.          12  in. 

1 

Distance  <  Distance 

24  in.     1     48  in. 

Dia.* 
and 

Distance 
6  in. 

Distance 
12  in. 

Distanae 
24  in. 

Distance 
48  in 

Gau;«e. 



Kactor.        Factor. 

F  requeue  Y\ 

1 

Factor. 

Factor. 

Gauge. 

Factor. 

Factor. 

Factor. 

Factor. 

/=8o 

F 

requeucy 

/=25 

1       I 

83108  '  10387 

12-474 

14557 

2 

7*7638 

10-37 

12*912 

15*55 

1 

52244      63840 

7-5478  1    8-7151 

li 

5-014 

6"454 

7*831 

9017 

1       * 

27720  1    32649 

37339  1   42722 

I 

2-7654 

33826 

4012 

4-642 

1 

oooo 

1 

2-4577      28683 

32873 

37119 

1 

1-889 

2-209 

2*543 

2885 

1 
ooo 

2-0884 

24024 

2-7249 

30536 

i 

1-285 

1*393 

1-513 

1*637 

oo 

1-8011 

20376 

2-2825 

2*5355 

1 

1-5833 

17597  1    1-9451  i   21373 

1 

OOOO 

1-222 

1-3068 

1*3996 

1498 

/=  100 

000 

1152 

1-2104 

12763 

1*345 

1 

00 

11034 

11422 

1-1876 

1*235 

I 

10-362 

I2-9I9 

15573 

18-182 

0 

I-O7IO 

10973 

11277 

1160 

J 

64873 

79445 

9*4039 

10-869 

I 

10478 

1-0676 

10853 

1108 

1 

1  i 

3-3829      4-0118 

4-6474 

5*2874 

2 

10324 

10443 

10583 

1071 

oooo 

29793      3-5060 

40400 

4*5787 

3 

102 16 

10293 

10384 

1-048 

■    ooo 

1 

2-5004      29078 

3-3225  j   3-7426 

4 

1-0142 

10191 

10247 

1031 

1       00 

21227      2-4341 

27528 

30794 

5 

10094 

10126 

1-0162 

1-0203 

o 

1-8316  ;  20679 

2-3130 

2-5642 

6 

10063 

10084 

I  0107 

10134 

1 

./  =  130 

1            1 

7 
8 

10042 
10027 

1*0055 
10035 

10070 
1-0045 

1-0087 
10056 

1   I 

1 13*444 

16-832 

20227 

23623 

9 

rooi8 

10023 

10029 

10036 

1 

;     i 

'.   8-3925 
43185 

10-295 
5-1487 

12191 
5*9842 

14*104 
68233 

10 

1001 1 

10015 

10019 

10024 

!      i 

\  oooo 

37828 

4-4814 

5-1860  1    58942 

1  «» 

31426 

3-6878 

42387      4*7939 

- 

00 

,   26316 

30529 

34808  t   3-9161 

o 

2-2328 

25567 

28898 

1 

!  3*2283 

1 

To  find  true  drop  in  line,  multiply  ohmic  drop  by  factors  in  these  tables. 
•  Diameter  in  inches,  Gauge  Brown  &  Sharp. 
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The  President  :  I  feel  that  we  owe  a  very  great  debt  to 
Professor  Forbes  for  having  given  us  this  remarkable  paper. 
As  he  himself  says,  it  is  not  by  any  means  a  mere  category  of 
what  has  been  done  in  many  places  by  other  persons ;  it  is 
the  result  of  ripe  experience  of  his  own,  and  of  the  circum- 
stance of  his  detachment  from  immediate  connection  with 
any  one  set  of  manufacturers  or  of  designers  in  whose 
favour  he  might  otherwise  have  been  biassed.  Many  men 
no  doubt  could  have  written  papers  on  long-distance  trans- 
mission, but  I  think  no  one  but  Professor  Forbes  could 
have  given  us  this  paper  with  its  wuse  suggestions  and 
important  conclusions. 

The  paper  is  now  open  for  discussion,  and  I  will  ask 
Professor  Perry  if  he  has  anything  to  say. 

Professor  Professor  Perry  :  The  paper  came  to  me  to-day,  a  busy  day  for  me, 

and  I  have  not  had  time  to  study  it.     Professor  Forbes  has  given  us  a 
good  deal  of  information,  but  on  some  practical  points  we  >\'ant  more. 
F'or  example  he  has  spoken  of  the  use  of  synchronous  motors  for  reduc- 
ing the  power  factor.     [Professor  Forbes  :   For  increasing  it.]     Well, 
increasing  or  diminishing  the  power  factor,  or  doing  what  a  condenser 
might  do.    One  would  like  to  obtain  figures  and  get  the  actual  size  of  the 
motor  which  will  do  particular  things.    Again,  I  find  that  there  is  very 
little  information  to  be  had  almost  anywhere  about  turbine  details. 
Forty  or  fifty  years  ago  I  remember  we  used  to  have  a  good  deal  of 
information  about  the  turbines  of  that  time.    We  now  get  a  lot  of  civil 
engineering  information  about  the  position  of  turbines  and  the  dams 
for  water,  but  not  the  mechanical  details  of  the  turbines  themselves, 
although  many  of  these  are  novel.     I  am  glad  to  think  that  the  papers 
that  were  written  by  Professor  Ayrton  and  myself  fifteen  years  ago, 
neglected  all  this  time,  are  really  attracting  a  small  portion  of  the  atten- 
tion which  is  their  due.     Professor  Forbes  has  referred  to  one  of  them 
to-night.    There  was  another  paper  published  about  the  same  time  which 
I  think  has  never  been  studied  by  anybody  since  it  was  published,  which 
refers,  not  to  the  transmission  of  power  to  a  distance  merely,  but  to  the 
transmission  of  power  by  a  conductor  which  distributes  the  power  all 
along  its  length,  giving  off  equal  amounts  of  power  per  mile.    We  had 
to  take  the  matter  up  in  connection  with  the  telpher  scheme  we  were 
working  at  at  that  time,  and  we  got  out  most  interesting  results,  which  I 
think  are  well  worth  study  at  the  present  time.     I  am  not  sure  that  I 
quite  understand  why  Professor  Forbes  is  trying  so  much  to  keep  up  the 
voltage,  but  I  suppose  this  is  due  to  the  fact  that  I  have  not  had  time  for 
a  careful  study  of  the  paper.     Professor  Forbes  speaks  of  the  great 
advantages  in  the  transmission  when  you  have  a  less  efficiency  than 
50   per  cent.      To  me  this  is  a  very  interesting  statement,  because 
Professor  Ayrton  and  I  proved  in  1886  to  our  own  satisfaction — I  do  not 
know  whether  anybody  else  has  studied  it — that  it  is  not  possible  to 
transmit  at  a  less  efficiency  than  50  per  cent, 
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[Professor  Forbes  :  That  is  just  what  I  am  showing  you  how  to  pe?Jj^ 
accomplish.] 

I  see  that  one  section  of  the  paper  is  devoted  to  the  Booster 
method  of  working,  and  as  I  say,  I  have  not  had  time  to  study  it 
in  detail,  and  as  my  old  work  is  certainly  right  I  do  not  see  why  I 
should  not  refer  to  it.  In  regard  to  the  author's  commendation  of  his 
method,  would  it  be  too  much  to  ask  whether  it  is  not  possible  that 
Professor  Forbes  is  neglecting  a  rather  important  question  in  this 
matter  of  boosters,  viz.,  that  the  power  that  is  transformed  in  a 
booster  costs  money  for  its  transformation.  When  you  want  to  keep 
up  the  voltage  you  can  do  so  by  increasing  the  copper  in  a  con- 
ductor or  by  using  a  booster.  Now  when  you  increase  the  copper, 
what  j'ou  do  is  to  save  power  at  the  expense  of  copper ;  when  you 
use  a  booster  you  create  power  in  the  current  that  goes  on  at  the 
expense  of  the  current  that  is  lost  and  at  the  expense  of  a  machine. 
In  both  cases  you  may  be  said  therefore  to  create  power  or  prevent 
waste  of  power  at  a  certain  cost.  I  may  say  that  some  time  ago  I 
went  into  this  matter  of  comparison  between  cost  of  the  booster 
and  the  cost  of  copper  in  a  conductor  for  keeping  up  the  voltage.  Of 
course  the  booster  will  do  what  no  increase  of  copper  will  do.  You 
can  raise  the  voltage  as  much  as  you  like  by  means  of  a  booster.  But 
suppose  there  is  a  drop  in  a  conductor.  Suppose  you  have  a  conductor, 
for  example,  which  has  been  designed  on  the  Kelvin  rule,  and  you  have 
a  certain  drop  of  voltage  with  your  current.  Now  suppose  you  want  to 
diminish  that  drop,  you  can  do  it  by  increasing  your  copper,  you  can  do 
it  by  having  a  booster.  Which  is  the  more  economical  ?  Well,  it 
depends  greatly  on  what  diminution  of  the  drop  you  want  to  produce. 
Secondly,  on  what  is  the  cost  of  the  power  transformed  or  developed 
by  the  booster.  Suppose  we  take  it  that  the  transformation  or  develop- 
ment of  power  in  a  booster  costs  s  times  as  much  as  the  power  direct 
from  the  generator.  We  take  it  that  the  booster  costs  money,  that  it 
needs  attention,  that  there  is  rent,  in  some  cases  there  is  special  ground 
for  it,  and  a  building  and  so  on.  Suppose  we  want  to  make  a  drop  of 
voltage  one  with,  of  what  it  is  already.  Then  I  find  the  cost,  first 
without  a  booster  or  any  other  plant  and  the  old  drop,  secondly  with 
sufficient  copper  alone  for  the  lessened  drop,  thirdly  with  the  old  con- 
ductor but  with  a  booster  to  get  the  lessened  drop,  to  be  in  the  propor- 
tions of  2  and  m  -\ and  2H-s(i  —  -J.     If  I  may  be  allowed,  I  will 

tn  \        tn/  ■' 

give  this  document  which  I  hold  in  my  hands  to  the  Secretary  for 
publication  at  the  end  of  these  remarks.  It  contains  some  results  of 
the  consideration  of  these  proportions.  It  appears  that,  in  many  cases 
to  use  a  booster  is  not  so  economical  as  the  use  of  more  copper. 

[The  following  is  the  document  referred  to  by  Professor  Perry. 
—Ed.] 

**  By  giving  probable  values  to  tn  and  s,  we  easily  find  the  relative 
merits  of  mere  copper  and  of  the  booster.  The  value  to  be  chosen  for 
s  depends  greatly  on  the  nature  of  the  work.  In  most  cases  s  ought  to 
be  taken  greater  than  2,  or  even  greater  than  3.  It  is  not  only  that  the 
booster  costs  money,  and  takes  up  space  and  men's  time  and  attention, 
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but  there  are  many  cases  in  which  it  needs  a  separate  space,  and  rent, 
and  wages  to  be  paid  for  it,  so  that  s  may  be  large.  The  following 
conclusions  are  easily  seen  to  be  correct : — 

"i.  If  5  is  only  2,  that  is,  if  the  extra  power  generated  by  the 
booster  is  twice  as  valuable  as  the  generator  power,  then  it 
is  better  to  use  mere  copper,  so  long  as  we  do  not  want  to 
reduce  the  voltage  drop  more  than  66J  per  cent,  of  what 
it  was. 

"  2.  If  s  is  3,  the  limit  is  75  per  cent. 

"  3.  The  comparative  uselessness  of  a  booster  is  specially  noticeable 
when  the  load  factor  is  low,  as  it  usually  is  in  electric  light 
circuits. 

"  4.  If  we  do  use  a  booster  we  still  ought  to  use  more  copper  than 
the  Kelvin  rule  gives,  because  the  booster  power  is  more 
valuable  than  power  direct  from  the  generator.  Thus  if 
we  wish  to  have  just  no  drop  and  if  5  =  3,  we  ought  to  use 
twice  as  much  copper  as  by  the  Kelvin  rule. 

*'5.  It  is  noticeable  that  there  is  almost  no  consideration  which 
does  not  cause  us  to  increase  the  amount  of  copper  specified 
by  the  Kelvin  rule." 


Mr.Ferranti.  Mr.  S.  Z.  DE  Ferr.xnti  :  If  Professor  Forbes  will  allow  me,  I  must 
congratulate  him  very  sincerely  upon  this  paper,  which  is  specially 
meritorious,  because  it  brings  together  in  concise  form  much  useful 
information  about  work  successfully  accomplished.  In  the  second 
place  it  is  useful  because  many  valuable  conclusions  are  drawn  from 
the  work  by  Professor  Forbes,  and  are  given  for  the  benefit  of  the 
industry.  You  know  that  people  who  live  in  London  all  their  lives,  as 
a  rule  know  very  little  about  any  part  of  it  except  the  particular  place 
where  they  live ;  the  man  who  really  knows  London  is  the  traveller 
from  a  remote  part  of  the  world.  So  Professor  Forbes  does  not  know, 
according  to  the  paper,  that  air-cooled  transformers  of  150  H.P. 
capacity  each  were  made  in  1889  and  set  to  work  to  the  extent  of 
some  7,000  H.P.  on  the  London  electric  circuits.  [Professor  Forbes: 
That  is  just  the  sort  of  fact  I  wanted  to  get.]  It  is  unfortunate  that  I 
did  this  work,  because  I  am  speaking  about  it,  and  one  does  not  want 
to  introduce  the  personal  element  more  than  one  can  help ;  but  I  feel 
that  the  only  way  out  of  it  is  just  to  tell  you.  The  air-blast  was  not 
added  to  them,  although  they  were  put  on  special  troughs  to  receive  it, 
for  the  simple  reason  that  they  remained  quite  cool  enough  without. 
The  air  circulation,  however,  was  very  perfect  through  them,  and -they 
had  this  interesting  feature,  that  the  insulation,  which  was  ebonite 
between  the  primary  and  secondary,  was  supported  in  the  centre  of  the 
air  space  between  the  primary  and  secondary,  and  therefore  the  heat 
conducted  from  the  conductors  was  not  directly  transmitted  to  the 
delicate  insulating  material,  namely,  the  ebonite.  Those  transformers 
have  stood  remarkably  well.  Experiments  were  also  made  with  air- 
cooling,  and  all  three  systems,  the  air  natural  draught,  the  air  forced 

'"'  draught,  and  the  oil-cooling,  were  all  patented,  and  would  have  licen 
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patented  in  the  United  States  as  well,  only  the  patent  was  refused  for  Y^^nU 
the  usual  reason,  namely,  that  in  those  days  inventors  in  that  country 
were  allowed  to  do  what  is  called  "  swearing  back,"  and  whoever  could 
swear  back  the  hardest  and  give  the  earliest  date,  received  the  patent. 

This  is  a  paper  which  I  should  like  to  take  the  whole  evening  to 
discuss,  because  it  is  so  interesting,  but  I  will  make  a  few  remarks  as 
concisely  as  possible.  With  regard  to  rotary  converters,  I  notice  that 
there  is  a  very  distinct  tendency  to  drop  these  in  favour  of  motor- 
generators.  I  am  very  positive  about  the  advantage  of  motor- 
generators  in  one  form  or  another  as  against  rotaries.  My  opinion 
generally  is,  that  rotary  converters  are  very  troublesome  and  tricky, 
and  that  they  are  more  suited  to  water-power  transmissions  with 
perfect  driving,  than  to  the  ordinary  type  of  electrical  generation  by 
steam  engines.  I  have  seen  American-built  rotaries  with  the  device 
described  by  Professor  Forbes,  namely,  the  short-circuiting  pieces 
between  the  poles  to  receive  the  currents  induced  in  them  for  the 
purpose  of  steadying,  and  I  have  seen  them  hunt  about  as  badly 
as  they  could  do,  so  that  it  was  quite  a  clever  business  under 
some  circumstances  to  keep  them  in  step.  Of  course  where  the  whole 
installation  is  perfectly  planned  out,  it  is  not  so  difficult,  but  in  com- 
parison with  other  apparatus  in  the  market  the  rotary  converter  is  a 
tricky  thing.  With  regard  to  motor-generators,  I  consider  this  class  is 
quite  the  best  to  adopt  for  deaUng  with  power  at  the  end  of  a  long  line 
where  it  is  to  be  converted  into  continuous  current  in  motor  generators. 
I  am  at  a  loss  to  understand  why  people  should  use  induction  motors. 
The  principal  thing  in  their  favour  appears  to  be  the  patent  question. 
Broadly,  if  one  had  not  any  consideration  of  that  kind  one  would  prefer 
to  use  the  synchronous  motor  for  the  motor-generator.  The  induction 
motor,  as  Professor  Forbes  has  stated  in  his  paper,  has  a  bad  power 
factor,  and  a  bad  power  factor  is  the  most  serious  fault  possible  in 
alternating-current  work.  When  one  sees  how  perfectly  synchronous 
motor-generators  hold  in,  and  how  thoroughly  satisfactory  they  are  in 
practice,  one  cannot  understand  why  some  people  wish  to  force 
apparatus  of  this  kind  in  preference  to  taking  what  is  recommended, 
and  what  in  many  cases  can  be  proved  to  be  a  first-class  apparatus. 
Everything  goes  to  show  that  the  synchronous  motor-generator  is  the 
best  article  for  taking  power  transmitted  from  a  distance,  and  turning 
it  into  continuous  current. 

Now  with  regard  to  multiphase  systems.  Professor  Forbes  has 
indicated  clearly  a  most  valuable  feature.  It  does  not  appear  to  be 
generally  realised  what  a  valuable  thing  a  two-phase  system  is,  with  its 
centre  to  earth  as  shown  in  the  author's  diagram.  I  have  never  come 
across  any  one  who  does  not  seem  to  be  spell-bound  by  the  idea  that  the 
way  to  transmit  power  is  three-phase,  and  that  three-phase  transmission 
has  this  wonderful  gift  that  nothing  else  can  have,  of  transmitting  power 
at  the  least  possible  cost.  I  am  glad  that  Professor  Forbes  has  shown  the 
fallacy  of  that  statement ;  it  is  a  pity  that  some  one  had  not  thought  of 
doing  so  before.  In  regard  to  the  question  of  what  is  the  best  system 
to  adopt  for  transmissions,  it  is  quite  certain,  as  Professor  Forbes  has 
mentioned,  that  the  best  system  of  transmission  is  not  necessarily  the 
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Ferrantl.  ^^^*  ^^^  dealing  with  general  distribution  as  well ;  and  the  question  is 
complicated  when  you  have  to  use  a  system  for  many  purposes  instead 
of  for  one  simple  purpose.  Now  probably  most  of  those  w^ho  have 
thought  at  all  on  this  particular  subject,  will  consider  that  what  I  am 
going  to  say  is  a  very  silly  thing.  But  I  will  say  it  all  the  same,  and 
will  ask  you  to  remember,  and  see  what  you  think  about  it  a  few  years 
hence.  I  will  say  it  flatly  ;  I  consider  the  single-phase  low  periodicity 
alternating  system  the  best  of  all  for  all  purposes.  All  the  details  are  not 
to-day  commercially  complete  for  using  it  to  the  fullest  advantage,  but 
of  one  thing  I  am  quite  satisfied  :  If  you  want  to  transmit  your  power 
to  a  distance,  and  turn  it  into  a  continuous  current,  the  single-phase 
alternating  system  is  the  best,  especially  if  3'^ou  do  it  on  somewhat  the 
lines  shown  in  the  figure,  earthing  the  centre  of  the  alternator,  and 
earthing  the  centre  of  your  transformers  at  a  distance  so  as  to  maintain 
the  pressure  of  each  wire  at  a  constant  potential  above  the  earth  instead 
of  having  the  choice  of  having  one  conductor  going  to  earth  and  raising 
the  pressure  to  double  the  amount  on  the  other.  Now  single-phase 
motor-generators  work  just  about  as  perfectly,  and  are  just  as  strongly 
held  in,  as  two-phase,  and  they  work  much  more  perfectly  than  is 
generally  supposed  ;  in  fact  they  form  a  most  perfect  means  of  turning 
alternating  into  continuous  current.  The  only  thing  that  we  have  not 
satisfactorily  arrived  at  is  the  single-phase  alternating  motor.  This, 
however,  is  much  more  perfect  again  than  is  generally  thought,  and 
the  last  test  which  I  have  seen  of  50-period  alternating  single-phase 
motors  is  in  the  case  of  a  6  H.P.-motor,  where  the  power  factor  and 
the  efficiency  are  each  81  per  cent.  You  will  therefore  see  that  one 
has  not  to  go  much  further  to  make  this  a  most  valuable  instrument, 
and  to  bring  it  up  to  the  level  of  the  multiphase  motor.  I  am  satisfied 
that  it  is  only  a  matter  of  time,  and  that  a  short  time,  to  perfect  the 
single-phase  low-periodicity  alternating-motor  to  such  an  extent  as  to 
bring  it  quite  up  to  the  level  of  the  multiphase.  The  reason  why  I 
spoke  so  strongly  in  favour  of  the  single-phase  low-periodicity  alter- 
nating-current system  is  because  of  its  very  great  simplicity.  The  switch 
gear  and  all  the  rest  of  the  apparatus  in  the  multiphase  systems  are 
much  more  complicated  than  in  the  simple  single-phase  system.  The 
same  applies  to  the  conductors.  It  is  always  cheaper  to  be  able  to  use 
big  conductors,  especially  where  they  are  insulated,  and  of  course  if 
you  have  a  single  phase  to  transmit  there  are  fewer  conductors  than 
with  any  other  system.  I  think  multiphase  is  generally  a  matter  of 
fashion.  Admitting  that  there  are  many  things  which  make  multi- 
phase systems  for  certain  purposes  a  necessity,  I  think  that  fashion 
enters  into  it  as  much  as  anything.  Once  having  got  the  idea, 
we  continue  with  it  on  the  same  lines,  as  Professor  Forbes  has  said, 
without  giving  it  special  study  to  see  whether  there  is  anything  better 
to  meet  each  particular  case. 

Now  this  paper  has  dealt  almost  entirely  with  work  abroad.  We 
are  in  the  unfortunate  position  of  having  done  comparatively  little,  and 
this  is  a  matter  greatly  to  be  deplored.  I  think  I  am  justified  in 
speaking  of  power  transmission  in  this  country,  as  interesting  us  more 

^^  than  what  is  done  abroad ;  and  that  brings  me  to  a  very  important 
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question.  Many  people  are  struggling  to-day,  and  working  hard  and  Mr. 
spending  their  money,  and  risking  it — because  it  is  a  great  risk — to  *'*"*"**• 
get  permission  to  transmit  high-pressure  current  all  over  this  country 
for  the  benefit  of  manufacturers,  and  to  put  us  upon  an  equality  with 
other  nations  who  have  these  advantages.  Now  the  ordinary  legal 
procedure,  in  the  case  where  a  man  is  accused  of  a  crime,  is  for  one 
man  to  prosecute  him,  but  an  able  lawyer  is  always  to  be  found  who, 
however  well  convinced  he  may  be  that  the  man  has  committed  the 
crime,  is  ready  to  do  his  best  to  get  him  acquitted.  We  do  not  want 
electrical  engineers  to  follow  on  these  lines,  and  I  trust  that  when 
the  Bills  for  Power  Supply  are  being  discussed  that  no  electrical 
engineer  will  be  found  to  say  one  word  against  them  or  to  do  anything 
that  will  impair  their  chance  of  getting  through. 

We  are  in  a  backward  enough  condition  in  this  country  in  the  matter 
of  power  transmission,  and  it  is  the  duty  of  every  one  in  the  country 
connected  with  the  electrical  industry  to  do  all  in  his  power  to  get  the 
facilities  which  will  enable  us  to  get  on  a  par  with  other  countries. 

Mr.  G.  L.  Addenbrooke  :  There  really  is  very  little  to  criticise  in   Mr.  Adden- 
Professor  Forbes*  paper,  because  one  must  so  profoundly  agree  with     "^  *' 
it.     It  deals  chiefly  with  long  transmissions,  longer  probably  than  for 
some  years  will  be  employed  in  this  country,  and  it  is  a  great  pity 
that  these  transmissions  are  not  appreciated.     From  what  I  have  seen 
in  the  Colonies  there  is  a  vast  field  for  the  transmission  of  power,  but 
we  have  nothing  of  the  same  sort  here,  and  one  consequence  of  this  is 
that  manufacturers  have  nothing  to  guide  them  in  the  construction  of 
plant,  and  they  have  not  that  incentive  to  go  into  it  which  arises  from 
close  contact.     Most  of  these  great  undertakings  arise  not  simply  from 
manufacturers  or  from  users,  but  from  a  combination  of  the  two,  the 
user  helping  the  manufacturer  to  an  enormous  extent,  and  I  do  not  see 
how  any  successful  manufacture  on  a  large  scale  of  this  sort  of  plant 
for  use  in  other  parts  of  the  world  can  be  carried  on  in  this  country 
unless  there  are  opportunities  of  using  it  here.    So  much  time  is  neces- 
sarily lost  in  correspondence  with  users  of  plant  abroad  that  progress 
in  manufacture  must   be  slow.     Manufacturers  in  Germany  and  in 
America  liave  had  several  advantages ;  they  have  had  a  free  hand  for 
experimental  purposes,  and  have  carried  out  their  experiments ;  they 
have  been  more  or  less  on  the  spot,  in  many  cases  having  transmission 
to  their  own  works,  and  they  have  been  able  to  get  the  data  to  carry 
out  all  this  work.    On  the  other  hand,  as  Mr.  Ferranti  has  said,  it  is  a 
most  deplorable  fact  that  experiment   in  this  country  is  absolutely 
prohibited.    You  can  do  nothing  here  electrically  without  going  to  the 
Town  Council,  and  of  course  that  means  obstruction.     If  a  scheme, 
which  may  be  far  advanced,  is  taken  to  a  local  authority,  with  a  request 
for  their  permission  to  apply  it,  they  are  immediately  in  a  fog  ;  their 
advisers  tell  them  that  you  are  going  to  make  a  quantity  of  money  out 
of  it,  and  they  then  place  all  sorts  of  obstacles  in  your  way,  and 
impose  such  conditions  that  success  is  impossible.    The  consequence 
is  that  no  experiments  are  tried  here,  and  we  are  lagging  behind,  and 
the  finest  trade  of  the  next  half -century  is  being  dehbcrately  thrown 
away.    Supposing  in  the  days  of  railways  the  whole  matter  had  been 
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brook^*^"  put  into  the  hands  of  municipal  authorities,  and  supposing  that  no 
railways  had  been  constructed  without  them,  where  would  be  the 
magnificent  railways  of  the  present  day  ?  This  country  would  be  in 
quite  a  secondary  position.  Yet  we  have  a  chance  of  standing  in  an 
equal,  if  not  a  better,  position  than  our  rivals,  and  we  are  absolutely 
and  deliberately  deprived,  legislatively,  of  that  opportunity. 

I  will  not  speak  of  the  electrical  portions  of  the  paper,  because  I  so 
entirely  agree  with  Professor  Forbes  that  it  seems  to  me  there  is  not 
much  to  talk  about.  The  question  whether  things  are  to  be  done  in 
two-phase  or  three-phase,  or,  as  Mr.  Ferranti  says,  in  single-phase,  is 
a  secondary  consideration.  They  can  be  done.  We  can  have  facilities 
and  aU  sorts  of  advantages  which  will  make  our  lives  more  comfortable 
and  enable  us  to  produce  what  we  want  more  cheaply,  and  we  do  not 
want  to  quarrel  whether  we  get  it  5  per  cent,  cheaper  in  one  way 
than  another.  We  can  do  it  to-day,  and  the  point  is  that  the 
legislature  and  Parliament  and  everybody  should  give  all  facilities 
for  doing  it.  Unless  we  get  some  opportunities  of  that  kind  we  shall 
never  divert  the  capital  of  this  country  into  such  things.  During  the 
last  three  or  four  years  I  have  been  constantly  asked  by  financial  people 
in  the  City  whether  the  Central  London  Railway  would  be  successful 
technically.  I  have  suggested  their  visiting  the  City  and  South  London 
Railway,  which  has  been  running  for  so  many  years,  but  they  never 
do.  People  doubt  unless  they  have  the  evidence  of  their  own  senses, 
and  so  we  shall  not  succeed  unless  we  have  an  opportunity  of  experi- 
menting in  this  country. 

In  conclusion,  I  should  like  to  correct  the  very  general  impression 
that  you  cannot  do  respectable  lighting  work  with  three:phase  power 
plant.  I  was  very  pleased  indeed  with  some  of  the  work  I  saw  on 
the  Continent  about  eighteen  months  since,  where  motive  power  and 
lighting  were  done  off  three-phase  systems  without  the  use  of  motor- 
transformers.  I  do  not  say  that  it  was  the  very  highest  class  of 
lighting,  but  lighting  good  enough  for  all  practical  purposes,  except 
perhaps  for  the  centre  of  a  first-class  town,  was  being  done  in  a 
number  of  instances  in  that  way.  There  is  also  this  important  fact, 
which  is  not  perhaps  altogether  appreciated,  that  w4th  a  first-class 
engine  driving  an  installation  at  constant  speed  and  constant 
periodicity,  and  with  a  motor-transformer  transforming  the  multi- 
phase into  continuous  current,  you  may  have  very  large  variations  of 
pressure  on  the  line  without  affecting  the  continuous  current  equally ; 
because  as  long  as  the  periodicity  remains  the  same,  the  rotary- 
transformer  tends  to  go  round  at  very  nearly  the  same  rate,  only 
taking  more  current,  and  therefore,  by  such  a  system  as  this,  very 
good  lighting  can  be  done  with  multiphase  current,  even  when  there 
are  large  variations  in  the  voltage  owing  to  power  being  taken  off 
the  mains  by  polyphase  motors. 

Mr.  Epson.  ^^r.  W.  B.  EssoN :   I  should  like  to  ask  Professor  Forbes  if   the 

booster  system,  as  described,  has  been  tested  in  actual  working,  and  if 
he  would  oblige  me  witli  the  references,  in  order  that  I  may  further 
inform  myself  with  regard  to  the  results  obtained  in  practice.  With 
reference  to  the  working  of  Kelvin's  law,  might  I  suggest  that  there 
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must  be  taken  into  account  not  only  the  cost  of  the  copper,  but  that  ^^  ^^'^"• 
of  the  generators,  and  in  fact  of  everything  at  the  generator  end, 
because  it  may  so  happen  that,  as  in  the  case  shown  in  the  diagram, 
in  generating  6  H.P.  to  get  i  H.P.,  the  extra  expenditure  in  generators, 
transformers,  turbines,  hydraulic  works,  and  the  like,  would  be  far 
greater  than  the  saving  in  the  copper. 

Referring  to  the  matter  of  the  phase  rectifiers,  might  I  suggest  to 
Professor  Forbes  that  the  reason  why  the  Oerlikon  Company  adopted 
these  was  not  for  the  purpose  of  getting  rid  of  the  idle  currents,  but 
because  the  generators,  being  of  the  claw  field  type,  were  quite 
unsuitable,  and  had  such  a  tremendous  drop  in  volts  that  the  Company 
had  either  to  put  in  phase  rectifiers  to  keep  the  pressure  up,  or  to 
turn  out  the  generators.  I  should  also  like  to  ask  Professor  Forbes  if 
he  could  supply  any  figures  which  show  the  difference  obtained  by 
stranding  the  copper  wire  instead  of  having  it  solid,  for  the  factor 
given  in  Table  VII. 

Mr.  R.  Hammond  :  The  members  of  the  Institution  must  all  feel  Mr.  ^  ^ 
under  a  very  great  debt  of  gratitude  to  Professor  Forbes  for  deliver- 
ing what  is  really  an  epitome  of  a  very  ripe  experience  at  this  most 
important  juncture.  Next  week  five  Power  Transmission  Bills  come 
before  a  Committee  of  the  House  of  Commons,  and  the  question  as  to 
whether  England  is  to  have  a  long-distance  transmission  or  not  has 
some  chance  of  early  settlement  A  very  powerful  committee,  as  the 
members  are  aware,  has  been  formed,  and  whatever  the  preliminary 
skirmishing  may  have  been  during  the  past  year  or  two,  all  feel  that 
the  question  is  one  with  which  Parliament  is  going  to  deal,  and,  that 
being  so,  the  laws  governing  long-distance  transmission  are  attracting 
the  very  closest  attention,  and  have  the  very  greatest  interest  for 
members  of  this  Institution.  But  I  should  like  to  emphasise  the  point 
that  Professor  Forbes  has  made,  viz.,  the  very  great  importance  of  a 
proper  appreciation  of  Lord  Kelvin's  law.  The  same  interest,  the 
same  mortgage  value  of  interest  upon  copper  will  not  do.  On  the  one 
side  the  debit  must  be  a  fair  amount  of  interest  upon  the  copper. 
Professor  Forbes  suggested  that  it  might  be  15  per  cent,  but  I  do 
not  think  even  the  most  sanguine  promoters  of  the  Power  Bills  are 
looking  for  as  much  as  that,  but  a  good  solid  round  interest  upon  the 
copper,  such  an  interest  as  may  tempt  financial  people  to  put  their 
money  into  the  schemes  before  us.  Then,  on  the  other  hand.  Professor 
Forbes  truly  says  that  it  is  not  only  the  mere  loss  of  current  en  route 
that  has  to  be  taken  into  consideration  as  to  what  is  to  be  lost  on  the 
other  side.  You  have  to  consider  the  absolute  cost  of  production, 
including  the  wear  and  tear  of  machines  and  so  on.  However,  the 
discussion  on  Kelvin's  law  may  perhaps  with  advantage  be  left  to 
another  occasion  ;  but  I  urge  that  the  remarks  of  Professor  Forbes 
on  this  point  are  very  well  worthy  of  very  careful  consideration. 
Although  Mr.  Ferranti  is  of  opinion  that  in  tlie  end  the  single-phase 
system  will  prevail,  there  is  a  popular  idea  that  at  present  the  power 
schemes  will  have  to  choose  between  two-phase  and  three-phase. 
Professor  Forbes  decides  for  two-phase,  and  it  may  interest  the 
members  to  know  that  during  the  past  fortnight  I  have  spent  a  most 
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Mr. 

Hammond. 


Mr. 
Swinburne. 


interesting  time  in  investigating  two-phase  and  three-phase  stations  on 
the  Continent,  and  (although  of  course  the  Continent  may  be  wrong) 
I  find  that  the  Continent  plumps  for  three-phase.  There  are  many 
cases  in  which  there  are  already  single-phase  works  in  existence, 
and  where  manifestly  the  network  is  much  more  suitable  for  two- 
phase,  split  up  into  two  single  phases,  than  for  three-phase,  as  for 
instance  at  Vienna.  The  large  station  in  that  city  is  now  being 
extended  by  two-phase  plant,  because  that  system  is  more  suitable 
for  use  with  its  present  network  ;  but  in  new  places  where  they 
have  a  clean  sheet,  such,  for  instance,  as  at  Mannheim,  they  have 
throughout  a  three-phase  station,  and  as  Mr.  Addenbrooke  says,  they 
have  no  difficulty  not  only  in  transmitting  the  three-phase  current 
from  a  distant  point  to  the  centre  of  the  city,  but  in  distributing 
by  means  of  low-pressure  three-phase'  current  both  for  power  and 
for  lighting.  Professor  Forbes  has  mentioned  that  in  the  two-phase 
system  with  common  return  one  has  an  advantage  in  the  cost  of 
the  cables,  but  I  made  very  careful  inquiries  of  Mr.  Blathy,  of 
the  Ganz  Company  of  Budapesth,  and  of  other  engineers  on  the 
Continent,  and  Mr.  Blathy  strongly  objected  to  the  use  of  the 
common  return  with  a  two-phase  current ;  indeed,  he  went  to  the 
extent  of  saying,  "  If  I  had  not  to  transmit  from  a  distance  at  all,  but 
had  to  lay  down  a  station  in  the  middle  of  a  city,  generating  by  low 
pressure,  I  would  generate  by  three-phase  low  pressure,  and  not  by 
continuous  current." 

I  would  like  in  conclusion  to  add  two  words,  first  with  regard  to 
Professor  Forbes*  splendid  illustrations  of  long-distance  work.  When 
at  Budapesth,  they  showed  me  an  experimental  car  which  is  just  a 
sample  of  what  is  now  being  done  in  the  north  of  Italy,  where  they 
are  about  to  run  a  full-gauge  railway  of  no  miles  in  length  on  the 
three-phase  system  ;  they  are  going  to  generate  at  20,000  volts,  with 
15  periods ;  they  will  have  converter  stations  ten  kilometres  apart  to 
transform  down  to  the  low  pressure  of  3,000  volts,  and  will  introduce 
that  3,000  volts  into  the  motors  on  the  car. 

My  other  point  is  one  strongly  supporting  both  Prof essor '  Forbes 
and  Mr.  Ferranti  in  favour  of  motor-generators  rather  than  rotary 
converters.  I  saw  in  Frankfort  the  whole  of  the  tramways  being  run 
by  motor-generators  from  a  single-phase  station.  The  single-phase 
current  at  3,000  volts  is  brought  to  a  central  spot  in  Frankfort,  and  is 
there  transformed  by  three  motor-generators  of  750  kilowatts,  dis- 
tributing a  continuous  current  of  550  volts  to  the  tramway.  The  latest 
thing  in  favour  on  the  Continent  is  distinctly  the  use  of  motor-trans- 
formers rather  than  rotaries. 

Mr.  J.  Swinburne  :  The  first  question  I  want  to  raise  is  that  of 
Lord  Kelvin's  law.  When  in  i88i  Lord  Kelvin's  law  was  brought 
forward,  people  had  apparently  got  hold  of  something  new.  The 
real  novelty  consisted  in  the  simplicity.  Lord  Kelvin  happened 
to  deal  with  a  case  where  the  law  is  simple,  and  you  could 
get  a  terse  mathematical  expression  which  gave  you  the  best 
economy,  and  that  was  the  Kelvin  law.  But  the  general  law  as  to  the 
most  economical  arrangement  of  investing  capital  in  order  to  save 
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revenue  has  been  known  to  commercial  men  from  the  beginning  of  the  gjjjnburnc 
world.  The  only  difficulty  is  to  calculate  it.  When  you  have  some- 
thing that  you  can  calculate  definitely  you  have  Kelvin's  law,  but  as 
soon  as  you  begin  to  get  into  complicated  departures  from  it  you  no 
longer  live  Kelvin's  law,  but  you  merely  come  into  ordinary  com- 
mercial calculations.  What  you  have  to  do  is  not  to  make  general  laws 
of  distribution,  and  then  fit  them  to  the  particular  town  you  have  to 
deal  with.  The  Germans  do  that  a  good  deal.  I  have  a  German  book 
on  networks  theoretically  calculated  out  to  fit  any  town — you  have  your 
town,  and  you  hunt  up  the  particular  page  in  the  book  where  the  net- 
work fits,  I  suppose — but  I  have  never  read — only  reviewed — it. 

There  has  been  some  little  misapprehension,  I  think,  if  I  may  say 
so,  with  regard  to  Professor  Forbes'  remarks  about  boosters.     I  do  not 
know  whether  I  can  put  the  matter  any  more  clearly  in  this  way.     If 
you  are  limited  by  law  or  anything  else  to  use  a  maximum  of,  say, 
10,000  volts — it  does  not  matter  what — if  you  cannot  use  more  than 
that  pressure  you  may  start  at  your  station  with  10,000  volts,  and  let  the 
volts  fall  as  you  go  from  the  station,  or  you  may  put  a  booster  in. 
In  the  latter  case,  as  stated  by  Professor  Perry,  the  power  is  put  in 
at  one  end  and  taken  out  at  the  other,  and  its  value  is  therefore  en- 
hanced.   That  is  true,  but  the  booster  enables  you  to  run  with  10,000 
volts  all  along,  and  hence  the  economy.     I  think  the  matter  is  perfectly 
simple  if  you  look  at  it  in  that  way.    You  always  use  in  the  system  the 
highest  volts  permissible,  instead  of  only  using  the  highest  volts  at  one 
end  and  letting  it  get  low  at  the  other.     I  do  not  know  whether  any  of 
you  ever  beguile  your  leisure  by  tracing  the  origin  of  religious  dogmas, 
it  is  a  very  interesting  study,  and  I  would  like  to  deal  a  little  m  that 
direction  with  regard  to  the  rise  of  the  three-phase  motor.     Some  time 
ago,  especially  in  Parliamentary  inquiries,  there  was  always  the  re- 
proach against  the  alternating  current  that  there  was  no  alternating 
motor.    The  problem  of  the  day  to  be  solved  was  the  alternating  motor. 
The  technical  papers  every  week  or 'fortnight  used  to  announce  that  the 
alternating  motor  problem  had  been  solved  afresh,  but  you  could  not 
get  the  alternating-current  motor.    Then  came  a  number  of  people  who 
professed  to  have  solved  the  alternating  motor  problem,  but  they  really 
had  done  nothing  of  the  sort.     They  had  introduced  a  new  system  of 
distribution  which  was  capable  of  using  a  motor,  but  it  was  not  an 
alternating  motor  in  the  sense  understood — it  was  another  thing  paraded 
under  the  old  name.    It  was  not  a  solution  at  all.    But  it  gave  us  some- 
thing that  would  start,  and  the  great  difficulty  was  to  start  alternating 
motors.    But  that  is  only  in  the  case  of  small  motors.     People  have  for- 
gotten  that  these  difficulties  do  not  exist  to  the  same  extent  when  dealing 
with  large  motors  such  as  there  are  in  stations.     People  have  commenced 
in  this  way,  and  they  have  used  the  motor  for  distribution  in  factories 
and  so  on,  and  it  has  grown.     People  like  Mr.  Hammond  go  to  foreign 
countries,  and  they  say,  "  Here  are  people  all  using  three-phase  motors ; 
it  must  be  right."     So   they  go  and  use  three-phase  motors.     Then 
somebody  says,  "  Why,  here  is  Mr.  Hammond  using  three-phase  motors  : 
it  must  be  right."    Now  of  course  there  are  really  important  questions 
when  you  consider  the  sizes  of  mains  and  of  dynamos.    But  I  think 
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you  will  find  it  is  reall}*  all  a  question  of  the  size  of  mains.  In  dealing 
with  the  size  of  mains,  the  first  thing  to  be  certain  about  is  that  you  are 
dealing  with  rational  assumptions.  You  can  make  as  many  calculations 
as  you  like  as  to  which  is  the  most  economical  size  of  main,  and  all  the 
various  calculations  differ  considerably,  because  people  start  with 
different  assumptions.  If  you  really  set  down  what  you  have  to  do,  I 
think  you  can  calculate  your  mains.  I  do  not  think  the  question  of  the 
size  of  the  dynamo  comes  in  ;  it  is  not  very  important.  But  I  do  think 
that  freedom  from  breakdown  is  enormously  more  important  than  the 
efficiency  in  most  of  the  cases.  In  large  transmissions  the  capital  spent 
in  copper  and  insulation — the  insulation  being  generally  more  important 
than  the  copper,  although  it  does  not  come  into  Kelvin's  law — is  more 
important.  Having  got  that,  you  can  calculate  it  out  in  a  commercial 
way,  and  if  you  keep  your  eye  on  the  efficiency  and  the  freedom  from 
breakdown,  I  think,  as  I  have  always  thought,  if  I  may  respectfully 
say  so  to  Mr.  Ferranti,  that  he  has  been  right  all  along  in  what  he  has 
said  to-night. 

Professor  E.  Wilson  {communicated) :  In  connection  with  Fig.  4,  I 
should  like  to  point  out  the  relative  advantages  of  two-  and  three-phase 
systems  when  working  (i)  on  the  assumption  of  constant -current  density, 
(2)  on  the  assumption  of  constant  ratio  between  the  power  received 
from  and  the  power  delivered  to  the  transmission  line. 

(i)  Constant  Current  Density.  Two-Phase,  If  there  be  four 
wires,  the  saving  over  the  single-phase  as  regards  copper  is  nil.  The 
copper  volume  is  proportional  to  the  current,  so  that  with  three  wires 
the  volume  will  be  2  -f  v'2  as  against  4  ;  the  saving  in  copper  is  15  per 
cent. 

Three-Phase  Mesh  Grouping,  If  there  be  six  wires  the  volume  of 
copper  is  6  and  the  saving  over  the  single-phase  as  regards  copper  is 
nil.  The  current  is  v'3  in  each  line  with  three  wires  and  potential 
difference  undisturbed.    The  volume  of  copper  is  then  3>/3  =  5'i9as 

against  6 ;  the  saving  is  13*5  per  cent.    The  resistance  is  - —  =  i'i6 

times  as  great,  but  the  currents  are  13*5  per  cent,  smaller.  The  loss  in 
transmission  is  ('865)'  X  i-i6  =  -868. 

Three-Phase  Star  Grouping,  If  the  windings  were  to  remain  the 
same  as  in  the  mesh  machine,  and  simply  connected  star,  the  volume 
is  only  50  per  cent,  of  that  required  by  six  wires,  but  the  potential 
differences  are  ^3  times  as  great.  By  re-winding  the  machine  so  as 
to  obtain  the  same  potential  differences  between  the  line  wires,  the 
volume  reduces  as  before  to  5*19  as  against  6  with  single-phase,  and  the 
saving  is  13*5  per  cent. 

(Line  outputX 
Lhirni^j 

For  a  given  length  the  resistance  varies  inversely  as  the  cross-sectional 
area  :  the  volume  varies  inversely  as  the  resistance.  Consider  a  three- 
phase  system,  and  assume  that  the  efficiency  is  to  be  the  same  with  three 
wires  as  with  six  wires.  Since  the  power  to  be  transmitted  is  to  be  the 
same,  the  currents  and  potential  differences  must  remain  the  same.  For 
the  same  loss  the  resistance  must  be  increased  and  the  volume  decreased, 
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that  is,  the  resistance  will  be  i'34  times  and  the  volume  75  times.    The   Professor 
drop  in  volts  will  now  be  i'i6  as  against  i*oo  with  constant  current-   ^^*'***"- 
density. 

It  seems  to  me  that  the  proper  basis  of  comparison  is  the  maximum 
potential  difference  between  any  two -line  wires,  and  I  should  have 
thought  it  quite  consistent  to  call  the  two-phase  system  (Fig.  4)  a  20,000- 
volt  system.  From  the  paper  I  gather  that  the  two  phases  in  the 
Niagara  generators  are  quite  separate,  but  if  the  centre  of  each  system 
is  put  to  earth  (Fig.  4)  the  advantages  mentioned  in  the  paper  of  keeping 
to  separate  phases  are  done  away  with.  On  the  other  hand,  by  insulating 
hoth  phases  from  one  another,  there  is  the  possibility,  in  the  event  of 
one  wire  getting  to  earth,  of  any  one  at  earth  potential  receiving  the 
maximum  potential  difference  of  the  system. 

Mr.  M.  B.  FiKLD  {communicaied) :  I  would  like  to  add  a  few  remarks  Mr.  Field. 
to  those  of  Professor  Forbes  on  two-  versus  three-phase.  The  following 
figure  shows  a  single-phase,  three-phase,  and  a  two-phase  system,  each 
with  the  centre  point  earthed.  The  two-phase  we  may  consider  as  a 
four-legged,  the  three-phase  as  a  three-legged,  and  tlie  single-phase  as 
a  two-legged  system,  the  power  generated  in  each  leg  being  V  x  C  x 
power-factor.  The  total  power  generated  in  the  respective  cases  will 
be  V  X  C  X  power-factor  x  number  of  legs.  On  this  basis,  of  course, 
the  weight  of  copper  per  k.w.  in  the  transmission  line  for  a  given  per- 
cent;ige  loss  must  be  practically  the  same  whether  the  system  be  a  two- 
legged,  tive-leggcd,  or  a  twenty-legged  system.  Moreover,  in  each  case 
the  maxinmm  voltage  above  earth  is  V,  that  is,  the  strain  upon  the 
insulation  is  the  same. 

This  is  what  I  take  Professor  Forbes'  argument  to  be.  It  is  hardly 
necessary  to  point  out  that  this  argument  is  only  applicable  where  the 
centre  of  each  system  is  earthed. 

Take,  for  example,  a  single-phase  system,  and  a  three-phase  system 
with  three  independent  phases  and  six  line  wires,  the  voltage  of  each 
phase  being  V,  both  systems  being  completely  insulated.  The  three- 
phase  system  corresponds  to  three  single-phase  circuits,  and  manifestly 
the  cost  of  transmission  in  each  case  is  the  same.  Next  group  one 
wire  of  each  circuit  of  the  three-phase  system  together,  and  we  find 
that  down  this  fourth  wire  no  current  flows.  We  therefore  dispense 
with  it.  We  have  thus  halved  the  amount  of  copper  in  the  three-phase 
system,  halved  the  line  losses,  but  have  not  doubled  the  voltage  between 
the  line  wires.  The  maximum  voltage  is  now  only  173  V.  In  the 
single-phase  case,  if  we  halved  the  copper  and  halved  the  line  loss,  we 
should  have  to  double  the  voltage  to  transmit  the  same  amount  of  power. 
In  other  words,  supposing  any  point  of  the  single-  or  three-phase 
system  may  become  accidentally  earthed,  and  we  are  to  keep  the 
maximum  possible  potential  above  earth,  which  may  occur  under  such 
circumstances  the  same  for  the  two  systems,  the  three-phase  un- 
doubtedly provides  us  with  a  more  economical  transmission  than  the 
single-  or  two-phase  systems. 

Now  I  would  Hke  to  take  up  the  two  following  points  : — 
(i)  Is  it  generally  good  practice  to  earth  the  neutral  point  of  the 
system  ? 
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Mr.  Field.  (2)  Evcn  wlicn  the  neutral  point  is  earthed,  are  the  two-  and  the 

three-phase  systems  reall}-  on  the  same  basis  as  Professor  Forbes  would 
indicate  ? 

First,  then,  Professor  Forbes  has  laid  great  stress  on  continuity  of 
supply.  Now,  from  my  own  experience  I  can  assert  that  I  have  been 
able  several  times  to  tide  over  a  difficulty  and  avoid  a  discontinuity 
of  supply  from  a  system  whose  neutral  point  was  not  earthed,  where 
this  would  have  been  almost  impossible  had  the  reverse  been  the  case. 

Consider  a  station  in  which  the  generators  arc  supplying  direct, 
without  step-up  transformers,  the  high-tension  overhead  line,  and  a 
lightning  discharge  in  the  neighbourhood  induces  an  extremely  high 
potential  difference  between  certain  line  wires  and  earth.  For  some 
reason  the  lightning  arresters  fail  to  protect  the  generators,  and  a  spark 
pierces  the  insulation  of  an  armature  coil  and  jumps  to  frame.    This 


FIG.  A. 

almost  always  occurs  near  one  terminal  of  the  generator,  the  inductive 
effect  rarely  traversing  more  than  one  or  two  turns  of  the  first  coil 
before  it  discharges  itself  to  earth  by  a  spark  piercing  the  insulation. 
If  now  the  neutral  point  be  earthed,  a  violent  short  occurs  in  one  part 
of  the  generator  armature,  an  arc  inside  the  faulty  coil  is  instantly 
started  which  in  a  very  short  time  effects  grave  damage.  If,  on  the 
other  hand,  the  insulation  of  the  generator  be  otherwise  good,  the 
neutral  point  may  be  merely  displaced  from  its  normal  position.  The 
amount  of  displacement  depends  on  the  effectiveness  of  the  earth 
formed  in  the  faulty  coil.  Under  these  circumstances  I  have  been 
able  on  several  occasions  to  keep  a  generator  in  circuit  till  the  heavy 
load  on  the  station  has  sufficiently  subsided  for  the  faulty  generator  to 
be  switched  off  and  repaired  without  any  discontinuity  of  the  supply 
whatever. 

With  regard  to  the  second  point  I  have  raised,  while  I  recognise 
with  Professor  Forbes  that  the  important  danger  along  the  line 
(neglecting  shorts  due  to  malice)  is  that  of  leakage,  which  is  the  same 
whether  the  two-phase  or  three-phase  system  be  employed,  provided 
the  neutral  is  earlhed,  I  maintain  that  the  line  is  npt  the  only  part  of 
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the  system  where  trouble  is  to  be  looked  for.  Nowadays  the  tendency  Mr.  Field. 
is  to  generate  higher  and  higher  voltages  in  the  armatures,  and  to 
dispense  with  step-up  transformers.  This  necessitates  switchboard 
apparatus  capable  of  dealing  with  very  high-tension  currents.  The 
design  of  such  apparatus  is  at  best  difficult,  and  very  serious  arcs 
may  be  started  between  neighbouring  bus-bars,  terminals,  etc.,  not 
necessarily  directly  connected  therewith,  should  such  apparatus  work 
imperfectly.  The  greater  then  the  actual  difference  of  potential 
between  the  bus-bars  and  terminals  on  the  switchboard,  the  greater 
must  be  the  precautions  taken  to  avoid  trouble  from  shorts  and  arcs 
forming  directly  between  them  ;  and  this  is  quite  independent  of  the 
fact  that  the  neutral  point  of  the  system  may  be  earthed. 

Professor  Perry  asked  about  the  size  of  synchronous  motors  neces- 
sary to  produce  a  definite  phase-rectifying  effect,  and  a  few  words  on 
this  head  might  be  of  interest. 

In  one  station  for  the  supply  of  motive  power,  with  which  I  was 
connected  some  while  back,  the  generators  (A)  had  a  very  drooping 
characteristic  on  account  of  their  large  armature  reaction  and  self- 
induction,  and  from  economical  considerations  it  was  deemed  expedient 
to  work  them  at  such  a  voltage  that  the  power  obtainable  from  them  at 
that  voltage  was  considerably  less  than  the  power  obtainable  from  the 
turbines  to  which  they  were  direct  coupled.  When  subsequent  ex- 
tensions were  necessary,  it  was  proposed  to  install  generators  (B)  capable 
of  considerable  over-excitation,  so  that  these  would  supply  the  whole 
wattless  component  of  the  current  leaving  the  station.  The  generators 
A  would  thus  not  be  supplying  a  lagging  current,  but  one  in  phase 
with  the  bus-bar  voltage,  i.c,  their  load  would  correspond  to  a  load  of 
lamps,  in  which  case,  of  course,  the  power  obtainable  from  them  would 
be  considerably  increased.  This  was^in  fact,  actually  carried  out.  The 
first  batch  of  generators  A  installed  were  coupled  each  to  a  300- H. P. 
turbine ;  the  extensions  consisted  of  large  generators  {B),  each  coupled 
to  two  turbines  of  300  H.P.,  and  so  designed  that  one  generator  would 
supply,  over  and  above  its  normal  load,  the  idle  current  for  three  of 
the  type  A  machines.  By  over-excitation  of  the  generators  B  it  was 
not  only  possible  to  arrange  that  the  A  machines  supplied  merely  a 
current  in  phase  with  the  bus-bar  volts,  but  B  might  be  still  further 
excited  so  that  A  supplied  leading  currents,  which  of  course  tended 
to  raise  the  terminal  voltage  above  the  normal.  In  this  way  the  normal 
voltage  could  be  maintained  at  the  bus- bars,  while  the  generators  A 
were  loaded  up  to  the  full  output  of  the  turbines  to  which  they  were 
coupled. 

For  example,  suppose  the  power-factor  of  line  and  receiving  circuits 
was  o'7,  and  the  generators  A  had  reached  their  Hniit  when  their  input 
was  200  H.P.  each  {i.e.  beyond  this  they  were  no  longer  capable  of 
maintaining  the  voltage).  Suppose  further  that  three  generators  A 
were  supplying  power  for  the  line  and  each  was  loaded  up  to  its  limit, 
then  if  one  generator  B  were  started  up  and  switched  in  parallel,  and 
its  turbines  supplied  with  just  sufficient  water  to  run  it  light,  it  was 
possible  to  so  manipulate  its  excitation  that  without  it  supplying  any 
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Mr.  Field.  actual  povvcr  to  the  line,  the  biis-b:ir  voltage  could  be  maintaiaed  at  the 
normal  figure,  while  each  of  the  generators  A  were  loaded  up  to  the 
full  extent  of  their  respective  turbines ;  in  fact,  the  extra  excitation 
necessary  for  the  generators  A  was  supplied  by  wattless  armature 
currents  derived  from  the  generators  B, 

It  is,  of  course,  clear  that  the  generators  B  had  to  be  designed  most 
liberally,  and  except  in  exceptional  cases  such  a  procedure  would  be 
far  too  costly  to  pay. 

Suppose,  for  instance,  a  generator  is  working  on  a  power-factor  of 
07,  then  the  wattless  current  is  equal  to  the  watt  current.  To  rectify 
this  completely  a  synchronous  motor  would  have  to  be  installed  capable 
of  taking  up  a  current  equal  and  opposite  to  this  idle  current.  Or  we 
may  consider  this  motor  as  a  generator  running  round  light  and  con- 
nected to  the  receiving  end  of  the  line,  so  that  it  supplies  to  the  receiving 
circuits  the  lagging  idle  currents  demanded  by  them,  while  the  actual 
generator  supplying  power  at  the  other  end  supplies  to  the  line  merely 
the  watt  component.  The  two  ideas-  are  identical.  It  is  clear  then, 
that  the  motor  must  be  electrically  a  larger  machine  than  the  generator, 
for  it  is  acting  as  a  generator  capable  of  maintaining  its  voltage  while 
supplying  the  full-load  current  on  a  pure  inductive  load,  whereas  the 
actual  generator  in  all  probability  would  not  do  so.  The  cost  of  such  a 
phase-rectifying  motor  would  therefore  be  greater  than  that  of  the 
generator,  were  it  not  for  the  fact  that  the  motor  may  safely  be  run 
at  a  very  high  speed.  We  thus  see  that  except  for  very  long  lines 
where  the  prime  cost  of  the  generating  plant  is  an  insignificant  item, 
the  plan  of  using  unloaded  synchronous  motors  as  phgise  rectifiers 
must  be  a  very  costly  one. 

Mr.  A.  H.  French  [communicated]  :  As  Professor  Forbes  has  sug- 
gested that  accounts  of  Power  Transmission  Plants  might  appear  in  the 
discussion,  I  append  from  memory  a  short  note  on  the  continuous- 
current  transmission  plant  at  Genoa,  as  it  was  running  in  the  year  1893. 
The  scheme  was  originally  suggested  by  Signor  Bruno,  who  carried 
out  the  water-power  part  of  the  work,  constructing  a  large  reservoir  by 
damming  up  a  tributary  of  the  Po,  just  above  Isoverde,  about  16  miles 
from  Genoa.  A  tunnel  was  then  made  for  supplying  the  turbines,  in 
the  course  of  construction  of  which  a  great  spring  was  found,  sufficient 
to  work  several  of  the  machines  in  the  generating  stations  long  before 
the  reservoir  was  finished.  The  electrical  work,  at  first  carried  out  by 
an  Italian  electrical  engineer,  was  a  failure,  owing,  chiefly,  to  the  con- 
stant breaking  down  of  the  armatures  of  the  generators,  caused  by 
lightning  striking  the  transmission  line  and  finding  its  way  to  earth 
through  the  machines,  and  the  generating  station  was  shut  down  for  a 
time.  The  work  was  afterwards  very  successfully  carried  out  by 
Monsieur  Thury,  who  equipped  two  generating  stations,  each  consisting 
of  about  360  k.w.,  being  made  up  of  four  150  H.P.  Picard  turbines, 
each  one  coupled  to  two  generators  of  an  output  of  45  amperes  at  1,000 
volts.  These  machines  were  all  run  in  series,  and  were  mounted  on 
large  insulators  cemented  in  the  ground,  the  holding-down  bolts  being 
sulphured  in.  The  coupling  to  the  turbines  was  flexible,  the  connec- 
tion being  made  with  stout  indiarubber  bands.    The  generators  were 
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at  first  separately  excited,  and  were  regulated  by  a  solenoid  fixed  in  ^^'  ^^nch. 
series  with  the  transmission  line,  the  core  of  the  solenoid  operating  the 
governor  of  the  exciting  turbine.  This  means  of  regulation  failed 
owing  to  the  frequent  breaking  of  the  transmission  line,  which  then 
caused  the  exciting  current  through  the  generators  to  be  increased  so 
much  that  the  whole  of  the  generators  were  pulled  up  and  the  elastic 
couplings  broken.  This  was  afterwards  remedied  by  adopting  series- 
winding  for  the  generators.  This  was  also  beneficial  when  a  short- 
circuit  occurred  on  the  line,  the  machines  then  losing  their  excitation 
automatically.  The  working  of  the  stations  was  so  simple  that  they 
could  be  operated  by  any  intelligent  man  without  electrical  training  ; 
for  instance,  when  another  machine  was  required  to  be  put  on  the  load, 
the  dynamo  was  run  up  on  the  short-circuit  switch  until  the  current  on 
the  line  was  reached,  the  switch  was  then  opened  and  the  regulator  did 
the  rest  of  the  work.  This  was  effected  by  a  motor,  the  shaft  of  which 
was  coupled  to  all  the  turbine-governors,  and  which  rotated  either  way, 
being  worked  by  a  relay  wound  in  series  with  the  transmission  line,  and 
the  motor  only  remained  stationary  when  the  normal  working  current 
was  reached. 

The  two  generating  stations  could  have  been  run  in  series  up  to  a 
voltage  of  16,000  volts  if  the  insulation  of  the  line  had  been  good 
enough,  but  in  practice  9,000  volts  was  not  exceeded.  The  line  was 
badly  constructed,  and  not  infrequently  broke  down  through  the  col- 
lapse of  the  supports.  On  one  occasion  the  plant  was  run  for  two  days 
and  nights  with  several  poles  lying  on  the  ground  (but  the  wires  not 
touching  the  earth)  close  to  a  small  village. 

All  the  steam-plants  in  the  factories  along  the  transmission  line  were 
superseded  by  motors,  and  the  central  station  at  Genoa  was  solely 
worked  by  these  motors.  In  connecting  to  the  overhead  wires  the  line 
was  cut  and  the  two  ends  taken  to  the  motor  and  switch.  Every  motor 
was  mounted  on  insulators ;  in  starting,  the  short-eircuit  switch  was 
opened,  the  line  was  then  completed  through  the  motor ;  regulation 
was  effected  by  a  governor  which  automatically  altered  the  windings  of 
the  fields  in  such  a  way  as  to  weaken  or  strengthen  the  opposite 
pairs  of  poles  by  gradual  alteration  of  polarity.  The  brushes  of  the 
motors,  as  were  also  the  generators,  were  of  carbon  and  were  self- 
adjusting. 

Clihu-Thomson  lightning  arresters  with  condensers  were  used  ;  at 
first  much  trouble  was  experienced  through  the  condensers  becoming 
overcharged  and  shattered  during  bad  thunderstorms.  At  first  a  heavy 
thunderstorm  was  so  terrifying  that  the  assistants  frequently  suspended 
operations  whilst  it  lasted.  In  all,  the  scheme  was  a  great  success,  and 
had  the  line  of  transmission  been  properly  constructed,  a  breakdown 
would  have  been  a  rare  occurrence. 

Mr.  J.  W.  Kempster  [communicated]  :  With  regard  to  efficiency  con-  Kcmpsicr 
sideration  will  show  that  (i)  where  the  voltage  at  generating  end  of  line 
is  constant,  a  given  H.P.  is  delivered  with  the  least  line  copper  at  50 
per  cent,  efficiency,  and  it  would  be  uneconomical  to  work  below  this ; 
(2)  with  a  fixed  voltage  at  receiving  end,  and  variable  at  the  power  station, 
lower  efficiencies  would  not  necessarily  be  wasteful.  ■    Boosters  placed 
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at  points  along  the  line  combine  some  features  of  both  (i)  and  (2),  and 
would  be  advantageous  when  the  transmission  line  is  of  such  a  length 
that  the  limits  of  practicable  voltage  are  reached ;  as  apart  from  saving 
copper,  the  line  pressure  is  minimised. 

From  the  figures  given  in  the  tables  it  does  not  appear,  however, 
that  such  low  efficiencies  as  50  per  cent,  are  within  range  of  com- 
mercial practice  until  very  long  distances  of,  say,  considerably  over  500 
miles,  are  reached,  with  the  pressure  actually  attained  of  40,000  volts, 
and  it  may  reasonably  be  anticipated  that  the  difficulties  incidental  to 
still  higher  voltages  will  be  overcome. 

I  estimate  that  10,000  kilowatts  transmitted  500  miles  at  40,000 
volts,  with  50  per  cent,  line  efficiency,  would  cost  roughly  £g  per 
E.H.P.  per  annum  delivered,  assuming  the  high  load  factor  of  38,  and 
making  fair  allowance  for  depreciation,  with  4  per  cent,  interest.  At  75 
per  cent,  line  efficiency  the  cost  on  a  similar  basis  would  be  only  £%  7s. 
per  E.H.P.  per  annum,  the  lower  capital  outlay  on  hydraulic  works  and 
generating  plant  more  than  compensating  for  the  extra  copper.  With 
boosters  the  figure  might  be  reduced  to  ;f  8,  but  against  this  saving  of 
7s.  must  be  set  the  increased  risk  of  breakdown. 

For  comparison  I  might  mention  the  case  of  a  textile  manufacturer 
in  Northern  Italy,  situated  at  less  than  i5omilesfrom  the  seaboard,  who 
on  a  careful  calculation  finds  that  he  pays  ;£i2  per  annum  per  steam 
B.H.P.,  using  economical  compound  Sulzer  engines  of  several  hundred 
horse-power. 

Professor  George  Forbes,  in  reply,  said  :  I  am  really  overwhelmed 
with  the  remarks  of  the  President,  which  were  somewhat  too  flattering 
with  regard  to  the  paper ;  and  the  remarks  which  one  or  two  others 
have  made  on  the  merits  of  the  paper  were  far  beyond  what  I  expected 
to  hear  from  them.  But  I  am  very  glad  indeed  if  my  humble  contribu- 
tion does  serve  any  useful  purposes,  and  I  think  that  possibly  some  of 
these  tables  at  the  least  will  be  of  practical  use  to  members.  The 
booster  method,  as  referred  to  in  the  paper,  will  have  its  chief  applica- 
tions in  cases  where  the  cost  of  generating  power  is  small,  and  where 
the  electric  pressure  is  not  excessive. 

Taking  the  remarks  that  were  made  in  order.  Professor  Perry  says 
he  wants  some  more  figures  given  as  to  the  size  of  phase  rectifiers  that 
must  be  employed  for  doing  special  work.  Well,  I  have  distinctly  dis- 
claimed trying  to  act  as  a  professor,  and  to  teach  a  class-room  here  the 
elements  of  engineering.  I  am  sure  Professor  Perry  does  not  need  to 
be  taught  how  to  calculate  the  size  of  the  phase  rectifier  for  that  pur- 
pose, and  I  should  have  thought  there  were  very  few  electrical  engineer^ 
in  this  room  who  were  not  perfectly  competent  to  do  that  for  themselves. 
As  to  his  remark  about  boosters,  he  very  aptly  commenced  by  saying 
he  did  not  understand  them,  and  his  subsequent  remarks  made  that  still 
more  obvious.  I  confess  that  I  find  my  own  ignorance  to  be  profound 
in  attempting  to  distinguish  between  what  is  and  what  is  not  elementary 
in  problems  of  electrical  transmission.  The  remarks  of  several  members 
have  rather  surprised  me.  I  thought  that  the  booster  method  was  very 
elementary  work,  and  that  no  difficulty  would  be  found  in  seeing  the 
point.   It  appears  that  to  some  present  the  method  is  not  so  clear.    But 
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Mr.  Swinburne  made  the  whole  thing  about  as  clear  as  possible,  and  I   £^**^^^ 
need  not  say  anything  more  about  that. 

I  am  sure  we  are  all  indebted  to  Mr.  Ferranti  very  much  for  his 
remarks,  historical,  practical,  and  prophetical — historical  in  the  past, 
practical  in  the  present,  and  prophetical  in  the  future.  With  regard  to 
the  air-blast  transformers,  I  am  very  glad  to  have  the  information  he 
has  given.  I  daresay  I  had  the  information  once,  but  I  am  sorry  to  say 
that  I  had  forgotten  it.  His  remarks  about  the  benefit  of  motor-genera- 
tors are  of  value  to  us  all,  and  I  am  sure  we  shall  all  give  great  weight 
to  them.  Also  his  prophetical  enunciation  about  single-phase  low 
frequency  transmissions  are  pregnant  words  that  will  bear  fruit,  I  hope, 
in  the  minds  of  many  people.  I  do  not  say  that  I  support  him  entirely 
in  that.  I  am  not  given  to  following  too  much  in  well-worn  grooves, 
and  I  do  not  think  that  this  reason  can  be  given  why  I  am  not  his 
follower  at  this  moment  in  that  idea,  though  I  daresay  he  is  perfectly 
right,  and  I  should  be  ready  to  admit  it  as  soon  as  I  have  had  further 
evidence  to  convert  me. 

With  regard  to  Mr.  Addenbrooke's  remarks,  I  do  not  know  that 
there  was  anything  that  I  need  answer.  Mr.  Esson  asked  me  whether 
there  was  any  booster  system  used  in  the  world.  Boosters  are  used, 
but  I  do  not  know  that  Mr.  Esson  would  be  any  better  off  in  his  facility 
of  studying  the  advantages  and  disadvantages  of  the  booster  system  by 
seeing  one  at  work.  I  do  not  know  of  any  booster  system  that  is  at 
work  in  the  way  and  for  the  purpose  described  in  this  paper  in  any  part 
of  the  world.  He  also  spoke  about  phase  rectifiers.  I  thought  it  was 
generally  known  that  manufacturers  abroad  when  making  tenders  for 
such  work,  frequently  propose  the  adoption  of  such  phase  rectifiers  to 
supply  the  so-called  wattless  current  vvhicli  is  required  by  the  motor, 
and  which  is  used  in  exactly  the  same  way  as  the  Oerlikon  ones  wer6 
used,  which  every  one  knows  of.  Also,  I  presume,  every  one  knows 
that  these  phase  rectifiers  do  work.  Whether  they  are  economical  or 
not  depends  upon  the  special  case,  and  upon  their  cost.  Mr.  Esson 
asked  me  another  question  as  to  stranded  versus  solid  wires  in  their 
effect  upon  the  lag  factor.  I  do  not  think  there  is  any  difference 
between  them  so  far  as  the  lag  factor  which  I  have  been  discussing  is 
concerned,  but  the  great  difference  comes  in  where  you  are  dealing 
with  what  we  have  usually  called  skin  resistances.  Those  are  all  the 
questions  that  Mr.  Esson  wanted  to  be  answered,  I  think. 

Mr.  Hammond  says  that  since  the  Continent  plumps  for  three-phase, 
therefore  three-phase  must  probably  be  right.  That  remark  supports 
the  contention  that  I  put  forward  in  my  paper,  that  many  people  would 
be  saying  this,  and  that  because  when  I  leave  a  specification  free  on 
this  point  I  am  always  getting  in  tenders  for  three-phase,  I  could 
perfectly  well  see  that  there  was  a  stereotyped  way  in  which  people 
were  going  to  work  in  their  tenders.  But  it  does  not  in  the  least  follow 
that  three-phase  is  the  best,  and  I  think  many  of  us  are  agreed  on  that 
point,  that  it  is  not  necessarily  so. 

I  think  I  have  answered  every  question  which  was  put  to  me,  and  I 
have  only  to  thank  the  speakers  most  heartily  for  the  consideration 
which  they  have  shown  me,  and  the  kind  way  in  which  they  have 
received  the  paper. 
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[Addition,  May  21. — I  notice  in  the  corrected  report  of  Professor 
Perry's  remarks  that  he  holds  to  his  statement  that  when  using  no 
boosters  you  cannot  transmit  at  a  less  efficiency  than  50  per  cent.  At 
the  time  I  thought  that  this  must  be  a  slip  of  the  tongue.  Space  need  not 
be  here  taken  up  in  showing  the  fallacy  of  the  statement.  The 
calculations  of  the  same  speaker  regarding  boosters  are  of  no  more  than 
academic  interest. 

I  have  read  the  remarks  communicated  in  writing  to  the  Secretary  by 
Professor  E.  Wilson  and  Mr.  M.  B.  Field,  which  deal  with  the  relative 
merits  of  two  and  three  phases  and  the  earthing  of  the  middle  point  of 
the  electric  system,  and  with  phase-rectifiers ;  also  Mr.  J.  W.  Kempster's 
remarks  on  boosters.  The  questions  raised  are  viewed  in  different 
lights  by  different  engineers.  I  have  no  desire  to  force  my  own  views, 
or  even  to  impress  them,  on  others.  Each  engineer  founds  his  opinions 
on  his  own  experience,  and  on  what  he  has  seen  of  the  experience  of 
others,  and  it  is  thus  that  his  work  is  stamped  by  his  individuality. 
Each  of  us  must  solve  these  problems  for  himself,  and  not  by  being 
told  what  A  or  B  thinks  is  best.  I  have  not  attempted  in  this  paper  to 
convert  any  one  to  my  views,  and  shall  be  well  content  if  I  have  supplied 
material  worthy  of  careful  consideration.] 

The  President  :  Before  I  ask  you  to  return  a  formal  vote  of  thanks 
to  Professor  Forbes  for  this  epoch-making  paper  which  he  has  com- 
municated to  us,  I  would  like  to  be  allowed  to  say  two  words  as  to  a 
matter  that  has  struck  me  greatly  in  the  course  of  this  debate.  Pro- 
fessor Forbes  struck  a  note  concerning  the  national  importance  to  us 
at  this  crisis  that  electrical  engineers  should  appreciate  the  advantages 
of  power  distribution  on  a  large  scale.  That  note  of  national  import- 
ance was  emphasised  by  Mr.  Ferranti,  and  touched  upon  by  Mr. 
Hammond.  It  has  been  alluded  to,  I  think,  by  more  than  one  other 
speaker,  and  it  is  one  which  I  feel  very  strongly  upon  at  the  present 
time,  now  that  these  Parliamentary  schemes  are  approaching  discussion. 
We  have  here  a  problem  that  cannot  be  faced  from  the  small  and 
parochial  point  of  view.  Last  autumn  I  visited  not  only  the  station 
at  Paderno  and  that  of  Rheinfelden,  but  I  also  went  further  South,  and 
visited  a  new  station  at  Vizzola.  It  is  a  water-power  station,  taking 
about  20,000  to  22,000  H.P.  from  the  water  that  flows  from  the  Lago 
Maggiore.  It  is  not  to  supply  the  City  of  Milan,  which  is  only  27  miles 
away.  Milan  is  supplied  with  light  and  power  from  Paderno,  further 
cast,  which  takes  its  power  from  the  waters  flowing  from  the  Lake  of 
Como.  The  Vizzola  station  is  erected  for  power-purposes  in  the 
surrounding  district  of  Lombardy.  I  am  told  that  half  the  power  wa:» 
contracted  for  before  the  station  had  a  single  dynamo  put  into  it.  It 
has  to  provide  power  for  the  industry  in  the  flourishing  towns,  of 
which  you  may  never  possibly  have  heard,  of  Gallarate,  Busto  Arsizio, 
and  similarly  of  Legnano  and  Saronna.  1  think,  with  the  exception 
of  Legnano,  I  had  never  heard  of  any  one  of  these  towns  until  I  went 
there.  It  was  explained  to  me  that  this  piece  of  Lombardy  is  the 
Lancashire  of  Italy,  full  of  cotton  mills,  silk  mills,  and  of  various  in-, 
dustrial  enterprises  which  require  power.  They  are  shortly  to  have 
that  power  distributed  to  them  electrically  from  tlieir  central  station 
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at  Vizzola,  at  high  pressure,  and  by  consent  of  the  local  authorities  JJ^^jj^^j 
and  under  legal  authority  from  the  Italian  Government.  Now  we 
have  to  compete  in  this  country  with  these  manufactures  in  the  North 
of  Italy.  Are  we  to  be  debarred,  by  want  of  proper  legislation,  from 
being  allowed  to  get  our  power  from  the  coal-fields  distributed  electri- 
cally and  economically  in  the  same  way  as  cheap  power  is  distributed  at 
Niagara  and  Rhcinfelden,  at  Vizzola  and  other  parts  of  the  world  ?  If 
Parliament  is  going  to  debar  us  from  that,  it  will  be  little  short  of  a 
national  misfortune.  I  ask  you  to  give  your  special  thanks  to  Professor 
Forbes  for  this  most  timely  and  most  important  paper. 
The  vote  was  carried  by  acclamation. 

The  President  announced  that  the  scrutineers  reported  the  follow- 
ing candidates  to  have  been  duly  elected  : — 


William  James  Fletcher  Freeland. 
William  Walter  Hughes. 
James  Robert  Percival  Lunn. 


Associate  Members : 

Alfred  Forbes  McCann. 
John  Maclean. 
John  Russell  Salter. 


John  Burns. 

Percy  Dewhirst. 

John  William  Ewart. 

T.  Frank  Courtier-Forster. 

William  Golledge. 

Christopher  Holden. 


Associates  : 

Thomas  McGill. 

Herbert  Seaborne  Rawlings. 

Edwin  Rorke. 

Ernest  Marmaduke  Sell  on. 

Hugh  Sharman. 

Tom  Fleetwood  Tate. 


Joseph  Geary  Wilson. 

Student : 
Hugh  Led  ward. 
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GLASGOIV  LOCAL  SECTION. 

Paper  read  at  Meeting  of  Section ^  March  23rr/,  1900. 


METHOD  OF  CHARGING  FOR    PUBLIC  SUPPLY 
OF  ELECTRICITY. 

By  W.  W.  Lackie,  Member. 

All  Municipal  and  Company  station  engineers  have 
considered  more  or  less  the  existing  methods  of  charging 
for  a  public  supply  of  electricity.  This  has  not  been  so 
much  the  case,  however,  with  manufacturing  and  contract- 
ing engineers,  unless  where  they  have  had  supply  stations 
to  run,  presumably  because  circumstances  do  not  so 
immediately  press  the  problem  on  their  notice. 

In  order  to  get  at  the  basis  upon  which  the  various 
methods  at  present  in  use  are  founded,  it  is  necessary  to 
consider  (i)  the  cost  of  the  different  parts  that  go  to  make 
up  an  electric  power  station  ;  and  (2)  the  cost  of  generating 
the  energy.  No  two  cities  will  give  the  same  cost  for  all 
the  different  items  that  go  to  make  up  either  of  these,  but  in 
order  that  we  may  have  figures  which  will  not  only  be  of 
interest,  but  with  which  I  shall  be  able  to  deal  with  some 
ease  and  freedom,  I  will  take  the  costs  of  the  Glasgow  Cor- 
poration Electricity  Department.  As  practically  the  greater 
number  and  certainly  the  most  important  of  the  items  vary 
with  the  kilowatt-capacity,  it  is  customary  to  state  these  at 
the  cost  per  k.w.  (one  kilowatt,  or  practically  ij^  h.p.). 

The  first  item  in  the  capital  cost  of  the  power  station  is 
"  Land  and  Buildings."  This  item  is  of  course  particularly 
subject  to  variation,  according  to  the  local  price  of  land, 
labour,  and  building,  but  the  average  cost  of  the  three 
generating  stations  in  Glasgow  is  approximately  ;^^I4  per  k.w. 

The  next  item  is  "  Machinery  and  Plant,"  which  includes 
boilers,  steam-piping,  engines,  dynamos,  pumps,  travelling 
cranes,  switchboards,  and  all  accessories  to  complete  the 
station  proper,  and  will  come  to  approximately  £2^ 
Accumulators  stand  at  present  at  £.2  per  k.w.  This  practi- 
cally completes  the  statement  as  to  the  power  station,  the 
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only  other  items  being  instruments  and  switchboards,  which 
will  be  accovmted  for  later. 

The  outside  work  consists  of  feeders  and  distributing 
mains.  It  is  the  largest  item  and  is  practically  ^45  per  k.w. 
at  present,  although  no  doubt  this  will  be  very  much  less  in 
due  course.  Meters  account  for  £/\.  per  k.w. ;  instruments 
cost  i8s.  per  k.w.  ;  and  counting-house  furniture  and  fittings 
come  to  2s.  per  k.w.     This  gives  a  total  cost  of — 

£  ^.  d. 

1.  Land  and  Buildinf^s 14    o    o 

2.  Machinery      25    o    o 

3.  Accumulators 200 

4.  Mains  and  Cables     44    o    o 

5.  Meters * 400 

6.  Instruments o  18    o 

7.  Counting- House  Furniture,  etc 020 


Total        £<)o    o    o  pr.  k.w. 

We  next  come  to  consider  the  annual  cost  of  each  of 
these  items,  i.e.,  the  depreciation  to  be  allowed  on  each  of 
them.  It  has  been  the  custom  in  Glasgow  to  rate  and 
allocate  this  depreciation  as  follows  : — 


£ 

s. 

d. 

£  s.  d. 

I.  Land  and  Buildings     ... 

I  per 

Cijnt. 

on  14 

0 

0 

= 

029 

2.  Machinery         

7*    . 

»» 

25 

0 

0 

^ 

I  17    6 

3.  Accumulators     

10      „ 

I* 

2 

0 

0 

= 

040 

4.  Mains      

2i      „ 

)) 

44 

0 

0 

= 

120 

5.  Meters     

6      „ 

» 

4 

0 

0 

^ 

049 

6.  Instruments        

5      » 

>» 

0 

18 

0 

= 

0    0  II 

7.  Counting- House    Furni- 

ture  

5          n 

M 

0 

2 

0 

^= 

001 

;£90    o    o         ;£3  12    o 

This  gives  an  annual  cost  per  k.w.  of  ^^3  12s.,  or  an 
average  cost  of  just  4  per  cent,  on  the  capital.  There  is 
further  interest  on  the  capital  at  the  rate  of  3*1  per  cent.,  and 
a  Sinking  Fund  to  be  allowed  for  at  the  rate  of  i  per  cent., 
which,  together,  make  a  total  of  8'i  per  cent,  on  the  capital, 
or  a  cost  of  £7  5s.  9d.  per  k.w.  of  plant,  no  matter  whether 
the  plant  is  used  for  supplying  i  unit  or  8,000  units.  It 
is  therefore  clear  that  any  consumer  who  applies  to  the 
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Supply  Company  and  causes  one  k.w.  of  plant  to  be  put 
down,  and  whose  bill  is  under  ^^  9s.  5d.  per  annum,  does 
not  pay  the  bare  cost  of  the  upkeep  of  the  plant,  not  to 
mention  the  actual  cost  of  generation,  ix.^  the  cost  of  coal, 
oil,  etc.  These  are  the  chief  items  which  go  to  make  up 
what  are  called  the  Standing  or  Stand-by  Charges.  Other 
items  which  might  fairly  be  added  to  the  stand-by  charges 
are  the  rent,  rates  and  taxes,  and  part  of  the  management 
expenses.  If  these  items  are  added,  the  above  figure  is 
increased  by  £\  ids.  3d.,  and  the  standing  charges  are 
brought  up  to  ;^8  i6s.  If  the  items  last  mentioned  are 
omitted,  it  simply  means  that  the  actual  cost  of  the  unit  will 
be  increased. 

The  items  included  in  the  actual  generation  of  the 
current  practically  vary  in  proportion  to  the  units  generated, 
and  are  coal,  oil,  waste,  water  and  stores,  wages  of  workmen, 
repairs  and  maintenance.  The  cost  of  these  items  in 
Glasgow  for  the  past  year  was  as  follows  : — 

Coal         -54(1. 

Oil,  etc i/xi. 

,  Wages      '26(1. 

Repairs -42(1. 


I -2801.  per  unit. 

I  understand  that  Mr.  Wright,  of  Brighton,  not  only  puts 
under  the  head  of  Standing  Charges  the  items  I  have  men- 
tioned, viz.,  depreciation,  interest,  sinking  fund,  and  manage- 
ment, but  he  also  includes  stand-by  coal  charges  used  for 
banking  fires,  etc.,  and  all  wages  of  workmen.  In  this  1 
think  Mr.  Wright  is  taking  an  extreme  view,  and  I  submit 
that  a  portion  of  the  wages  of  firemen,  enginemen,  and 
engineers  should  go  to  the  running  expenses. 

At  this  point  there  are  three  figures  which  it  would  he 
well  to  note  specially  :  (i)  the  amount  of  kilowatts  of  the 
consumer's  application,  (2)  the  maximum  demand  of  all  the 
consumers  added  together,  and  (3)  the  greatest  demand 
made  on  the  station  at  times  of  full  load.  The  maximum 
demand  of  all  the  consumers  added  together  is  equal  to 
about  70  per  cent,  of  their  aggregate  application,  and  the 
maximum  demand  made  on  the  station  is  about  50  per  cent, 
of  the  total  power  applied  for.     If  the  standing  charge  of 
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^8  i6s.  per  k.w.  of  plant  in  station  is  to  be  proportional 
to  the  consumer's  application,  the  charge  should  be  ;^4  8s. 
per  k.w.   of  ^  application  ;    if   according   to   the   maximum 
demand  of  the  consumers,  the  charge  will  be  £6  4s.  //«s, 
in  each  case,  a  charge  to  cover  the  cost  of  generation  per 
unit.     Take   it   that   it  is  to  be  proportional  to  maximum 
demand,  ix,,  each  consumer  is  to  pay  £6  4s.  per  kilowatt, 
plus  m  each  case  a  charge  to  cover  the  cost  of  generation 
per  unit   of  maximum   demand   as   his  share  of  standing 
charges  plus  a  sum  of,  say,  for  the  present,  2d.  per  unit  to 
cover  the  cost  of  generating  the  current.     The  system  of 
charging  adopted  in  Glasgow  allows  of  this  £6  4s.  being 
paid  practically   in  three  ways — certainly  in  two.     It  may 
either   be  paid  in   twelve   equal    monthly   instalments   of 
IDS.  4d.  per  k.w.,  or  it  can  be  paid  in  365  equal  payments 
of  4d.,  ix.f  on  the  first  365  units  per  k.w.  plus  in  each  case 
2d.  per  unit.     This  last  case  we  are  all  familiar  with.     It 
corresponds  to  the  first   system   of   charging  for   200-voIt 
supply   offered   by  the   Corporation,  which   is  that,  for   a 
quantity  not  exceeding  the  maximum  demand  for  365  hours 
per  annum,  the  charge  is  6d.  per  unit,  and  for  all  above  this 
quantity  2d.  per  unit.     The  first  method  of  paying  off  the 
standing  charges  is  also  offered,  but  the  Corporation  having 
introduced  the  Maximum  Demand  System  and  Maximum 
Demand  Indicators,  and  wishing  to  do  without  the  latter, 
have  no  alternative  but  to  charge  on  the  consumer's  applica- 
tion.   The  charge  is  also  slightly  higher,  being  £(>  15s.  sd. 
p^r  k.w.  of  application.     If  all  the  consumers  would  agree 
to  pay  on  their  application,  I   have  no  doubt  this  charge 
would  be  nearer  the  figure  I  have  stated,  viz.,  £/^  8s.  per 
k.w.    This  system  of  charging  is  by  no  means  new.     Dr. 
Hopkinson  drew  attention  to  the  matter   in   his   classical 
paper  read  before  the  Institution  of  Junior  Engineers,  and 
clearly  proved  that  "the  cost  of  supplying  electricity  cannot 
be  correctly  defined  at  so  much  per  unit,  unless  the  rate  of 
supplying  that  unit  is  also  stated,  and  showed  that  the  cost 
depends   much   more   on   the  greatest   rate  at  which  the 
electricity  has  to  be  supplied  than  it  does  on  the  amount 
actually  used.     He  moreover  urged  that  it  was  both  morally 
unjust  and  commercially  inexpedient  to  charge  a  uniform 
rate  for  a  manufactured  commodity  which,  in  one   case, 
might   obviously   require  ten    times    as    much    plant    for 
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manufacturing  as  it  would  in  another,  owing  to  its  having 
possibly  to  be  supplied  at  ten  times  as  great  a  rate."  Mr. 
Arthur  Wright  was  the  first,  I  believe,  to  make  practical  use 
of  this  idea.  In  a  return  made  by  the  Town  Clerk  of 
Gloucester  last  year,  it  appears  that,  out  of  60  local  authori- 
ties owning  electricity  supplies,  forty  use  Wright's  indicator 
and  system  of  charging.  In  some  cases  motive  power  is 
quoted  at  a  lower  uniform  rate,  but  the  sole  reason  for  this 
reduction  is  that  the  chances  are  that  motive  power  will  be 
used  for  some  four  or  five  hours  per  day  throughout  the 
whole  year,  but  it  seems  unfair  that  a  similar  benefit  should 
not  be  extended  to  long-hour  consumers  using  current  for 
lighting  purposes,  seeing  that  the  cost  of  generation  is  the 
same  whether  the  energy  be  used  for  power  or  lighting. 
The  third  method  offered  by  the  Glasgow  Corporation  is  a 
Uniform  Rate,  and  is  as  follows  for  the  200-volt  supply. 
Current  is  supplied  at  a  uniform  rate  of  2d.  per  unit  pro- 
vided the  customer  agrees  to  pay  for  a  quantity  correspond- 
ing to  his  maximum  demand  for  the  equivalent  of  five 
hours  per  day  for  365  days  in  the  year,  /.d.,  for  1,825  hours 
per  annum.  Under  this  method  the  applicant's  standing 
charges  are  spread  over  at  least  1,825  hours,  and,  on  a  charge 
of  £t  4s.,  therefore,  only  amount  to  o*8d.,  that  is  suppos- 
ing his  consumption  exactly  equals  1,825  hours  of  maximum 
demand.  The  actual  average  works  costs  per  unit  are 
i'28d.  for  an  average  of  2 J  hours  per  day  consumpt  on  the 
whole  station  ;  so  that  it  is  not  underselling  the  current  if  a 
consumer  using  it  for  five  hours  per  day  per  annum  gets  it 
at  2d.  It  may  be  asked  why  it  is  necessary  to  adopt  this 
method  of  charging  for  a  supply  of  electricity  when  gas  is 
supplied  at  a  uniform  rate.  I  think  we  only  need  to  apply 
the  Maximum  Demand  system  to  a  gas  supply  to  see  the 
reason  and  the  necessity  for  this,  especially  at  the  com- 
mencement of  an  electrical  installation,  for  later  on  it  may 
be  possible  to  level  things  down  a  little  and  to  make  the 
system  of  charging  more  uniform.  I  take  the  Gas  Accounts 
of  the  Glasgow  Corporation  Gas  Department  for  last  year 
from  the  Gas  World  Year  Book.  The  capital  in  Works  and 
Plant  is  £1,315,680.  These  works  and  plant  I  roughly 
calculate  supply  what  it  would  take  112,000  k.w.  of  electric 
plant  to  supply.  The  cost  per  equivalent  of  a  k.w.  is  there- 
fore only  ;^ii   15s.  as  against   the  electricity  plant   £()Q. 
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The  amount  wiitten  off  for  depreciation  was  j^35,7i6,  or 
27  per  cent.  Interest  and  sinking  fund  account  for 
^^69,933,  or  3*1  per  cent.  This  makes  a  total  of  5-8  per  cent., 
or  an  annual  cost  of  13s.  yd.  for  gas  plant  as  against  the 
annual  cost  of  £^  5s.  9d.  per  k.w.  for  electrical  plant.  If 
the  management  expenses  are  added  to  this,  the  sum  of 
13s.  7d.  is  raised  approximately  to  14s.  6d.,  which,  if  divided 
into  365  equal  payments,  is  less  than  Jd.  The  actual  costs 
of  making  gas  are  given  as — 

Coal,  etc IS.  8d.  per  1,000  cubic  feet. 

Distribution,  etc.       ...    os.  2jd.    „  „  „ 

Sundry  charges         ...    os.  i^d.    „  „  „ 

and  the  gross  cost  of  gas  is  is.  iijd.  per  1,000  cubic  feet — say  2s. 

The  charge  for  gas  on  the  Maximum  Demand  System 
would  therefore  be  something  like  this  :  2S.  ojd.  for  the 
first  365  hours  of  maximum  demand,  and  2s.  for  all  used 
above  that.  You  can  therefore  understand  why  a  uniform 
charge  of  2s.  2d.  is  adopted.  I  would  like  to  give  you  one 
other  set  of  figures  in  this  connection. 

£ 

The  capital  of  the  Gas  Department  is 1,315,680 

And  the  Revenue  is 631,644 

(or  nearly  50  per  cent,  of  the  capital). 
The  capital  of    the    Electricity  Department   was,  at 

31st  May  last 322,000 

And  the  Revenue  was        44)i4i 

(or  only  13  per  cent,  of  the  capital). 

This  also  shows  the  difference  between  the  two  supplies. 
No  doubt  the  capital  of  the  Gas  Department  is  very  low,  for 
the  department  has  been  in  existence  for  thirty  years,  and 
has  regularly  written  off  large  sums  for  depreciation,  which 
go  to  reduce  the  capital.  The  Electricity  Department  will 
have  a  similar  benefit.  These  figures  must  be  taken  as  only 
approximately  correct,  as  there  are  other  items  which  enter 
into  the  gas  accounts,  such  as  the  sale  of  residuals. 

I  now  wish  to  consider  briefly  the  question  :  In  what 
direction  are  we  to  look  for  a  reduction  in  our  present  price 
and  a  nearer  approach  to  a  uniform  rate  ? 

The  first  item  on  the  capital  cost   sheet  is    Land   and 
Buildings.    This,  for  several   reasons,  should   be  at  least 
VOL.  XXIX.  46 
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halved,  making  it  £^.  The  cost  per  k.w.  for  plant  would 
come  down  to  something  like  ^^16.  Accumulators  will 
at  least  be  quartered.  Mains  arfd  cables  should  approach 
;^33-  (The  result  of  an  increased  pressure  of  supply  would 
have  materially  lowered  this  item  had  not  the  price  of 
copper  nearly  doubled  itself  just  as  the  200-  and  250- volt 
lamps  were  coming.)  Meters  will  be  increased  and  may 
be  doubled.  The  other  two  items  will  at  least  be  halved, 
and  we  hope  in  the  course  of  time  to  have  a  capital  cost  per 
k.w.  of — 


1.  Land  and  Buildings... 

2.  Machinery  and  Plant 

3.  Accumulators 

4.  Mains  and  Cables 

5.  Meters...         . 

6.  Instruments 

7.  Counting-house  Furniture 


Allowing  the  same  rate  of  depreciation,  the  sum  of 
^3  12s.  is  reduced  to  £2  12s.  g^d. ;  adding  on,  as  before, 
3  per  cent.,  and  i  per  cent,  on  a  smaller  capual,  we  have 
the  standing  charge  of  £q  5s.  gd.  reduced  to  £^  6s.  id., 
and  adding  on  management  expenses  the  sum  will  not  be 
more  than  ^5  ids.  This  will  have  the  effect  of  reducing 
the  sum  of  £t  4s.  per  k.w.  of  maximum  demand  in 
my  first  figures  to  £'^  17s.  per  k.w.  The  selling  price 
per  unit  will  no  doubt  be  reduced  too,  but  it  will  only  be 
by  decimals  of  a  penny.  Let  us  assume  it  will  be  reduced 
to  ijd.  per  unit.  On  the  Glasgow  prices  and  methods  of 
charging  the  figures  then  would  be  3fd.  per  unit  for  a 
quantity  equal  to  365  times  the  maximum  demand,  and 
i^d.  per  unit  thereafter,  or  if  every  consumer  would  agree 
to  it  under  the  fixed  charge  method,  £2  15s.  per  annum 
or  4s.  yd.  per  month  per  k.w.  (/.(?.,  is.  8d.  per  annum 
per  8  c.p.  lamp  fixed)  of  application,  plus  ijd.  per  unit, 
or  \\A,  all  round  for  a  consumer  using  at  the  rate  of  five 
hours  per  day.  Further,  the  depreciation  written  off  from 
year  to  year,  and  the  sinking  fund,  will  go  to  reducing  the 
capital,  so  that  even  these  figures  may  be  further  reduced. 
A  uniform  charge  may  be  adopted  before  these  prices  are 
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realised,  but  it  will  undoubtedly  require  to  be  one  in  which 
consumers  are  classified  according  to  their  probable  hours 
of  lightrng.  Even  then  there  will  be  cases  where  con- 
sumers should  be  charged  higher  or  lower  rates  than 
those  used  for  the  bulk  of  the  consumers.  From  a  table 
made  out  by  the  Reason  Manufacturing  Company,  classi- 
fying consumers  of  electric  energy  in  Brighton,  it  is 
shown  that  in  the  case  of  shops,  for  instance,  6  per  cent, 
of  them  use  the  light  for  under  one  hour  and  6  per  cent, 
use  the  light  ovQr  four  hours.  The  great  majority  use  it 
between  two  and  three  hours.  Such  a  method  as  this 
averaging  would  mean  that,  in  Glasgow — 


Shops  would  be  charged 
Private  Houses 
Hotels  and  Clubs    ... 
Public-houses 

Offices  

Theatres       

Hospitals       

Schools  and  Churches 


5d. 
4d. 

I. id. 

6d. 

3id. 

2d. 

5ci. 


The  maximum-demand  method  undoubtedly  gives  a  means 
of  charging  each  consumer  as  nearly  as  possible  the  actual 
cost  of  supplying  his  energy,  except  in  the  case  of  one  who 
does  not  use  his  supply  for  the  equivalent  of  one  hour  per 
day.  A  uniform  rate  places  the  supply  company  in  the 
position  that  they  may  be  supplying  one  consumer  at  a 
dead  loss,  while  they  may  be  charging  another  consumer 
double  the  price  he  ought  to  pay.  The  differential  rate,  on 
the  other  hand,  assesses  consumers  so  as  to  yield  an 
approximately  equal  rate  of  profit  on  each  consumer. 
The  Board  of  Trade  allows  a  maximum  price  of  8d.  per 
unit,  and  a  minimum  bill  of  £2  13s.  4d.  per  annum.  The 
maximum  price  at  present  is  6d.,  and  no  minimum  bill  has 
so  far  been  enforced. 

The  object  of  a  municipal  supply,  it  may  be  said,  is  that 
from  Corporation  ownership  and  management  a  general 
benefit  may  accrue.  This  is  true,  and  the  result  is  that  all 
consumers  are  offered  a  supply  of  current  on  the  same 
terms,  irrespective  of  the  part  of  the  city  in  which  the 
premises  to  be  supplied  may  be  situated,  and  at  a  rate  that 
practically  none  of  the  consumers  could  in  the  end  produce 
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it  for  themselves.  In  this  connection  I  may  say,  however, 
that  1  recently  heard  of  a  house  in  London  which  was 
advertised  to  let  "  fitted  with  electric  light  and  favourably 
situated  near  a  feeding  point  of  the  company's  mains." 
Further,  by  the  combination  of  all  classes  of  premises  the 
effect  is  that,  to  meet  the  demand  of  the  whole  community, 
there  is  required  to  be  put  down  only  half  the  plant  which 
would  be  necessary  if  each  had  an  installation  of  its  own. 
I  will  here  call  your  attention  to  some  curves  (Fig.  i)  I 
have  drawn  showing  the  cost  of  a  one  to  twenty-four  hour 
consumer  in  various  cities,  and   to  a   curve    showing  the 
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actual  cost  of  such  a  supply.  The  thick  dotted  line  shows 
the  actual  cost  of  a  supply  in  Glasgow,  and  the  other  cur\-es 
are  for  Glasgow  charges  of  6d.  and  2d.,  and  6d.  and  i^d. ; 
Whitechapel,  8d.  and  id. ;  Bradford,  4jd.,  2^d.,  and  id. 
In  Aberdeen  the  charges  for  lighting  are  6d.  per  unit  for 
the  first  365  hours  of  maximum  demand,  and  3d.  per  unit 
thereafter;  and  for  motive  purposes,  4^d.  and  i^d.  Other 
municipalities  under  this  system  are — 


Brighton        ...     yd.    for  the  first  365  hours  and  i^d.  thereafter. 
Bradford        ...    4Jd.  for  3  hours,  2id.  for  4  hours,  id.  for  8  hours. 
Manchester     ...     5d.,  or  £7  per  annum  per  k.w.,  plus  ijd.  per  unit. 
Shoreditch      ...     5d.  for  730  hours  and  2d.  thereafter. 
Stafford  ...     7d.  for  the  IJ  hours  in  winter  and  \  hour  in  summer, 

and  3d.  thereafter. 

Edinburgh    is  a  notable   exception  to  all  other  cities.     A 
uniform  rate  is  charged  there  of  3^d.  per  unit  for  lighting 
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and  I J  per  unit  for  power,  with  discounts  I  believe.  The 
success  that  has  attended  electric  lighting  in  Edinburgh  is 
no  doubt  partly  due  to  the  high  price  of  gas,  viz.  3s.  4d.,  as 
against  Glasgow  at  2s.  2d.,  and  to  the  liberal  use  of  elec- 
tricity in  street  lighting.  Not  only  has  this  raised  the  load 
factor  of  the  station,  i.e.,  the  ratio  of  the  number  of  units 
generated  to  the  number  that  could  be  generated  if  the 
greatest  load  remained  on  for  24  hours  per  day  through- 
out the  whole  year — 50  per  cent,  higher  than  we  have 
in  Glasgow,  but  it  has  been  the  means  of  their  selling  a 
greater  number  of  the  low-rate  units,  which  are  the  units 
on  which  there  is  by  far  the  greatest  profit.  Still  it  is 
probable  that  in  Edinburgh  there  are  consumers  who 
should  only  be  charged  i^d.  per  unit,  and  others  6d.  per 
unit.  In  two  supply  stations  meters  registering  at  different 
rates  have  been  used,  the  object  being  to  charge  the  low 
rate  all  day  long,  and  then  sixpenny  or  standing  chafge 
units  between  the  hours  of  sunset  and  sunrise.  This,  of 
course,  tells  hardly  on  the  long-hour  consumers,  who  use  the 
power  late  in  the  night,  and  I  cannot  see  why  they  should 
not  be  treated  in  the  same  way  as  the  consumers  who  use  it 
for  long  hours  during  the  day.  One  other  point  you  must 
all  remember,  that  a  supply  in  Glasgow,  London,  and 
Manchester  is  different  from  that  in  every  other  city,  in  so 
far  as  it  has  to  meet  a  day-and-night  demand  on  foggy  days, 
and  nothing  tends  more  to  give  the  supply  a  bad  reputation 
than  failing  on  such  a  day  just  when  it  is  most  required. 

I  have  thus  tried  to  give  some  idea  of  the  basis  upon 
which  the  more  prevalent  methods  of  charging  for  elec- 
tricity are  founded,  how  these  methods  work  out,  and  how 
they  are  likely  to  be  modified  and  developed  in  time  to  come. 
1  can  conceive  of  the  objection  being  raised  to  this  paper 
that  it  is  hardly  a  legitimate  and  suitable  one  for  such  an 
institution  as  this,  inasmuch  as  the  subject  with  which  it 
deals  is  not  one  with  any  direct  or  immediate  bearing  on 
any  branch  of  engineering,  electrical  or  otherwise.  To  this 
1  reply  that  this  subject  is  one  of  vital  importance  to  the 
success  and  development  of  a  public  supply,  and  ought, 
therefore,  to  be  of  interest  to  all  electrical  contractors  and 
engineers. 
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TABLE    I. 

CAPITAL    AND    STAND-BY    CHARGES. 


Capital.  •  ^|{|^n      Per  Annum.  '       Capital. 

; I '  


(i)  Land  &  Buildings    £14. 

(2)  Machinery 

(3)  Accumulators 

(4)  Mains 

(5)  Meters     ... 

(6)  Instruments 

(7)  Counting  -  House        2/ 

3*1  %  Interest 

I  %  Sinking  Fund    ... 

Management    Ex-  I 
penses     |     ... 

Total I     ... 


Percent. 

;£i4 

I 

£25 

,  7i 

£^ 

IO_ 

£^ 

,  2i 

£\ 

'  6 

8/- 

5 

2/- 

5 

£    s.    d.  I  ;£    s.    d. 


Per  Annum. 


£  s. 


020170010       I 

I  I 


d. 

4 


I   17    6     16    o    01     4     o 


o    4    o       o  10    o 


I   2 

0 

33 

0 

0 

0 

16 

6 

0   4 

9 

8 

0 

0 

0 

9 

6 

0   0 

II 

0 

9 

0 

0 

0 

5 

0   0 

I 

0 

I 

° 

0 

2 

0 
12 

o\ 

3  12 

0 

65 

0 

0 

94 

2  15 

9 

... 

2 

0 

3i. 

0  18 
7  5 

0 
9 

... 

0 

13 

0 

5 

6 

I 

I  10 

3 

... 

0 

3 

II 

8  16 

0 

... 

5 

10 

0 

Gas     ... 

Electricity 


TABLIO   II. 


Capital. 

per  Equivalent 

in  k.W. 

Per  KAV. 
£     S.     d. 

II   15     O 
90    o    o 


stand-by  Charges     Cost  of  Material  used 
per  Equivalent   !  divided  by  the  Maximum 
in  K.W.  Price. 


£  s.  d. 
o  14  6 
8  16    o 


80  per  cent. 


»>       »» 


Digitized  by  LjOOQ  IC 


1900.] 


DISCUSSION. 

TABLE   111. 

DISTRIBUTION    OF   REVENUE. 


Revenue       

Manufacturing  Charges    ... 

Distribution  Rates,  Rents,") 
Taxes  and  Management  > 
Expenses       ) 

Depreciation       

Interest  and  Sinking  Fund 


Gas. 


£631,644 


A37,o29 

£89,327 

£69,572 
£35715 


Percentage 
to  Kevcnue. 

Electricity. 

Percentajjc 
to  Revenue. 

Per  Cent. 

Per  Cent. 

70 

£44.141 

£i3»i4i 

30 

14 

£10,872 

24 

II 

£7,521 

17 

5 

£l2,6©7 

29 

Mr.  H.  A.  Mavor  said  that  the  Section  was  much  indebted  to  Mr,  Mr.  Mavor. 
Lackie  for  his  paper,  but  that  he  could  not  agree  with  all  the  author's 
conclusions.  In  discussing  the  figures  given  in  the  paper  for  cost  of 
supply,  he  (Mr.  Mavor)  pointed  out  that  a  large  private  consumer  of 
electricity  would  probably  produce  current  as  cheaply  as  would  the 
Corporation,  and  would  save  the  expense  arising  from  the  distribution 
system  inseparable  from  the  public  supply.  He  also  pointed  out  that 
the  amount  standing  at  the  debit  of  station  charges  for  labour  was  very 
heavy  indeed  as  compared  with  similar  charges  incurred  by  private 
consumers  of  electricity  and  producers  of  power,  the  discrepancy  aris- 
ing largely  from  the  fact  that  electric  lighting  gives  a  very  small  load- 
factor  as  compared  with  that  of  ordinary  manufacturing  operations. 
He  called  attention  to  the  fact  that  his  company,  Mavor  &  Coulson  Ltd., 
introduced  the  maximum-demand  system  of  charging  in  about  the  year 
1888,  and  that  they  were,  he  thought,  the  originators  of  this  method  of 
charging  for  current.  He  called  attention  to  tlie  interesting  fact  that 
the  average  demand  in  relation  to  total  lamps  wired  seemed  to  be  about 
the  same  as  he  had  found  it  in  the  days  when  public  supply  was 
originated  in  Glasgow. 

Mr.  E.  G.  TiDD  considered  an  allowance  of  2j^  per  cent,  for  deprecia-  Mr.  Tidd. 
tion  plus  1  per  cent,  to  sinking  fund  for  cables  and  accumulators  was 
rather  high.  He  thought  that  repairs  to  faults  in  the  cables  should 
be  dealt  with  under  the  head  of  upkeep,  and  that  a  cable  once  properly 
laid  and  undamaged  had  practically  no  depreciation.  He  also  applied 
similar  remarks  to  the  case  of  accumulators,  and  said  that  he  believed 
makers  were  prepared  to  maintain  the  battery  at  a  very  much  lower 
cost  than  Mr.  Lackie  put  down. 

Mr.  Lackie,  in  his  reply,  thanked  the  speakers  for  the  favourable   Mr.  Lackie. 
criticisms  on  his  paper.     In  reply  to  Mr.  Mavor  he  said  that,  roughly 
speaking,  a  consumer  having  a  maximum  demand  of  less  than  50  kilowatts 
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and  who  used  his  power  for  less  than  5  hours  per  day  throughout  the 
whole  year,  would  find  it  cheaper  to  take  his  supply  from  the  Corpora- 
tion. Although  a  private  installation  saves  the  capital  cost  of  mains,  the 
Corporation  have  only  to  put  down  half  the  plant  a  consumer  requires, 
so  that  the  capital  cost  per  consumer  is  half  the  figure  stated.  The  rate 
of  interest  also  which  the  Corporation  pay  for  theii  money  is  about  half 
that  at  which  a  private  consumer  would  borrow  it. 

In  reply  to  Mr.  Tidd  he  would  point  out  that  depreciation  all  goes  to 
reduction  of  capital  and  is  for  the  benefit  of  the  community  in  the 
end,  though  he  did  not  think  that  2^  per  cent  for  depreciation  on  mains 
was  excessive,  even  although  repairs  of  mains  were  done  at  the  expense 
of  revenue.  He  also  maintained  that  the  maximum-demand  indicator 
was  a  good  healthy  instrument,  for,  if  the  consumer  knows  that  his  bill 
depends  more  upon  his  maximum  demand  than  upon  the  number 
of  units  used,  he  will  watch  that  he  does  not  waste  light  or  current. 
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The  Three  Hundred  and  Forty-seventh  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Mechanical  Engineers,  Storey's  Gate,  Westminster, 
on  Thursday  evening.  May  3rd,  1900  —  Professor 
SiLVANUS  p.  Thompson,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
April  26th,  1900,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  they 
should  be  suspended  in  the  Library. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  *  to  that  of  Associate 
Members — 

Osborne  Pearston.  |  Edward  John  Wade. 

Messrs.  R.  C.  Quin  and  J.  Hall  were  appointed 
scrutineers  of  the  ballot. 

Donations  to  the  Building  Fund  were  announced  as  having 
been  received  since  the  last  meeting  from  Messrs.  G.  John- 
son, J.  C.  Matthews,  C.  E.  Wilson,  and  W.  Golledge,  to  all 
of  whom  the  thanks  of  the  meeting  were  unanimously 
accorded. 

The  President  :  I  have  the  pleasure  to  announce,  on 

behalf  of  the  Council,  that,  in  accordance  with  our  Articles 

of  Association   which  permit  us  every   year   to   elect   one 

Honorary   Member,  the  Council   has  elected  as  Honorary 

VOL.  XXIX.  47 
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Member  for  1900  our  past  President,  Mr.  Joseph  Wilson 
Swan,  F.R.S.,  and  that  Mr.  Swan  has  kindly  informed  iis 
that  he  is  willing  to  accept  that  nomination  of  Honorary 
Member. 

I  have  also  to  announce  that  the  Council  has  fixed  the 
date  of  the  annual  Conversazione  for  Tuesday,  June  26th. 

THE  CALCULATION  OF  DISTRIBUTING  SYSTEMS 
OF  ELECTRIC  TRACTION  UNDER  BRITISH 
CONDITIONS. 

By  H.  M.  Savers,  Associate-Member. 

The  design  of  electrical  distributing  systems  in  this 
kingdom  has  been  practised  hitherto  almost  exclusively  for 
electric  lighting  purposes.  The  short  daily  duration  of  the 
heavy  load  and  small  annual  load  factor  obtained  in  most 
cases  induce  economy  in  capital  expenditure,  and  the 
current  density  at  times  of  full  load  is  restricted  by  con- 
siderations of  pressure  variation,  rather  than  by  losses  in  the 
conductors.  The  conditions  of  working  electric  tramway 
systems  are  so  different  that  calculations  of  another  order 
conie  in,  and  very  materially  affect  the  design  of  the 
conductors  when  highest  total  ecomony  has  to  be  studied. 
The  principal  special  conditions  are  as  follows  : — 

1.  The  high  load  factor — due  to  the  fact  that  a  large 
output  is  called  for  throughout  the  whole  of  the  working 
hours,  which  are  usually  from  15  to  18  per  day  in  the 
United  Kingdom.  There  are  daily  "peaks"  and  seasonal 
peaks,  but  the  hills  and  valleys  are  of  much  less  extreme 
character  than  those  observed  on  a  lighting  system. 

2.  The  permissible  variation  of  pressure  is  much  greater. 
So  far  as  the  working  of  the  line  is  concerned,  the  only 
limitation  is  that  sufficient  pressure  be  given  at  every  point 
to  enable  the  cars  to  keep  schedule  time.  At  the  speeds 
allowed  in  this  country,  and  with  the  motors  usually  fitted, 
a  variation  of  10  per  cent,  of  the  normal  pressure  causes  no 
inconvenience. 

3.  The  unsymmetrical  arrangement  of  the  two  con- 
ductors, as  between  the  outgoing  or  insulated  positive 
conductor  :  and  the  return  earthed  negative  conductor.  In 
the  great  majority  of  cases,  the  rails  forming  the  negative 
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or  return  conductors  are  of  such  large  section  that  no  other 
conductors  are  needed  on  that  side  of  the  system  whether 
for  economical  or  pressure-regulating  purposes — so  far  as 
the  working  of  the  line  is  concerned.  But  for  the  pro- 
tection of  other  property,  the  extreme  potential  difference 
allowed  to  exist  between  different  points  on  the  rails  is 
limited  by  the  Board  of  Trade  to  7  volts,  and  the  pro- 
portion of  current  allowed  to  return  through  the  general  - 
mass  of  the  earth  to  an  earth-plate  at  the  generating  station 
must  not  exceed  5  per  cent,  of  the  average  load  or  2 
amperes  per  mile  of  line.  Hence,  on  a  tramway  or  railway 
using  the  rails  as  return  conductor,  while  the  positive 
conductor  should  be  designed  with  regard  to  ordinary 
considerations  of  economy  and  efficiency  (including  the 
fact  that  practically  the  whole  of  the  pressure-drop  will 
occur  on  that  side  of  the  system)  ;  the  negative  conductor 
designed  primarily  to  satisfy  mechanical  conditions  in  most 
cases  accidentally  happens  to  afford  much  better  conductivity 
than  the  positive  conductor,  and  yet  its  conductivity  has 
in  many  cases  to  be  supplemented  in  order  to  satisfy  the 
regulations  imposed  by  a  benevolent  Board  of  Trade.  It 
will  be  seen  below  that  the  determination  of  these  auxiliary 
return  conductors  can  be  arrived  at  by  calculations  similar 
to  those  controlling  the  choice  of  the  positive  conductors, 
but  that  some  of  the  factors  have  different  values,  and  that 
their  load  has  to  be  estimated  in  a  different  way. 

One  effect  of  these  special  conditions  is  that  the  use  of 
conductors  designed  for  lowest  total  working  cost  is  prac- 
ticable in  many  electric  traction  systems.  The  well-known 
consideration  that  the  total  working  cost  of  a  conductor 
during  any  given  time  is  the  sum  of  two  items,  one  being  the 
value  of  the  power  wasted  in  it,  and  the  other  a  percentage 
of  its  original  cost  at  some  annual  rate,  indicates  at  once 
that  for  a  higher  load  factor  a  conductor  should  be  worked 
at  a  lower  rate  of  loss,  or  in  other  words  at  a  lower  current 
density.  To  determine  the  most  economical  current  density 
in  a  given  case,  values  are  required  for  the  following 
factors : — i.  The  money  cost  of  the  cable  to  be  employed 
expressed  in  terms  of  the  amount  of  copper  in  the  cable, 
say  the  price  in  pounds  of  a  ton  of  copper,  insulated, 
sheathed  and  laid  =  p, 

2.  The  percentage  of  the  cost  of  the  cable  which  must 
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be  annually  set  aside  to  provide  for  interest,  maintenance, 
and  depreciation  =  R. 

3.  The  average  number  of  hours  per  day  taken  throughout 
a  year  that  the  cable  will  be  under  load  =  h. 

4.  The  load  factor  of  the  cable  during  the  time  it  will  be 
under  load.  If  the  load  will  be  steady,  the  value  of  this  will 
be  unity.  If  the  load  will  vary  in  a  known  way,  the  load 
factor  will  be  the  mean  square  value  of  such  variable  load 
referred  to  a  steady  load  of  its  maximum  value  as  unity, 
and  can  be  calculated  from  a  prophetic  load  diagram,  and 
in  the  case  of  such  variable  load  the  most  economical 
current  density  given  by  the  calculations  will  correspond 
to  the  square  root  of  the  mean  square  value  of  the  current. 

In  what  follows,  this  load  factor  will  be  taken  as  unity. 

5.  The  cost  of  a  Board  of  Trade  unit  generated  and 
delivered  to  the  conductor  in  pence  =  n. 

From  3,  4,  and  5  the  cost  per  annum  of  a  watt  wasted 
in  the  conductor  can  be  calculated,  or  inversely  what 
number  zcof  watts  wasted  in  the  cable  will  cost,  say,  ^^i  per 
annum,  and  the  two  quantities  representing  the  total  cost 
per  annum  reduced  to  a  common  measure. 

In  Perry's  "Calculus  for  Engineers,"  page  55,  the 
question  of  economy  in  electric  conductors  is  used  as  an 
example  in  maxima  and  minima,  and  I  have  found  the 
method  there  indicated  convenient  for  practical  use. 

Professor  Peny  there  shows  that  the  waste  in  watts  or 
ohmic  loss,  and  the  constant  loss  or  interest  loss,  can  both 
be  simply  expressed  as  functions  of  the  resistance  of  a 
conductor,  assuming  a  certain  current  and  certain  length, 

/a 

and  that  their  value  may  be  written  :  ;y  =  C*  r  +  — h  6. 

Where  C^  r  is  ohmic  loss,  -  is  the  interest  item — expressed 

in  watts,  and  &  is  a  constant  which  depends  upon  factors 
not  affected  by  the  size  of  the  cable  laid. 

In  Appendix  No.  i  Professor  Perry's  expression  is 
worked  out  at  length  and  the  result  shown  tliat  the  most 

lomical  current    density    .  =    \/  --?-       "^^    ^vhere 

•^   A         ^  100         ' 

C  =  amperes,  a  =  cross-section  of  cable  in  square  inches 
(so  that    -  =  amperes  per  square  inch)  and  ;//  =  tons  of 


econc 
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copper  in  a  mile  length  of  one  square  inch  section,  R  = 
annual  rate  per  cent,  for  interest,  etc.  ;  iv  =  the  number  of 
watts  wasted  continuously  during  working  hours,  which 
will  cost  ;^i  in  a  year's  working,  and  p  =  the  price  in 
pounds  of  a  ton  of  copper  in  the  form  of  cable.  "045  is 
resistance  in  ohms  of  a  mile  of  copper.of  one  square  inch 
cross-section,  the  weight  m  of  which  is  9'i  tons.  In 
Appendix  No.  2  an  example  is  worked  out  numerically 
and  tables  are  shown  giving  values  obtained  by  taking 
figures  within  probable  practical  limits.  The  method  of 
calculation  here  used  is,  of  course,  perfectly  general,  and 
applies  equally  to  low-tension,  high-tension,  continuous 
and  alternating  currents,  however  fed  to  the  conductors. 
The  cost  per  ton  of  copper  in  cabled  form  will,  of  course, 
vary  widely  with  the  way  the  cable  is  to  be  used,  the 
working  pressure,  and  other  conditions ;  for  example,  a 
triple  twisted  cable  for  three-phase  currents  will  be  much 
more  costly  per  ton  of  copper  than  a  concentric  cable  for 
continuous  currents,  working  pressure  and  material  being 
equal.  It  has  also  to  be  noted  carefully  that  the  value  of 
the  Board  of  Trade  unit  to  be  used  is  that  of  the  unit 
delivered  to  the  conductor  system-  under  consideration,  and 
if  the  energy  has  to  be  transmitted  or  transformed  before 
such  delivery,  the  cost  of  generating  the  unit  has  to  be 
"  loaded "  with  the  cost  of  such  transmission  or  trans- 
formation, including  the  interest,  maintenance,  and  depre- 
ciation cost  of  transmitting  or  transforming  system.  F'or 
example,  the  most  economical  density  in  a  low-tension 
system  fed  from  transformers  is  lower  than  in  a  low-tension 
system  fed  direct,  assuming  that  the  generating  stations  in 
the  two  cases  supply  energy  at  equal  costs.  It  must  also  be 
recognised  that  power  wasted  (or  used)  in  distribution  costs 
as  much  as  power  used  in  the  motors. 

For  cables  of  a  given  construction  and,  for  use  under 
given  conditions,  it  will  generally  be  found  that  the  average 
price  per  ton  of  copper  taken  from  makers'  prices  through 
such  narrow  ranges  of  size  as  are  usually  employed  on  a 
given  system  is  sufficiently  accurate.  Where  a  very  wide 
range  of  size  is  called  for  it  may  be  worth  while  to  calculate 
separately  for  the  larger  and  the  smaller  cables. 

The  question  of  systems  of  laying  cables  and  the  cost 
thereof  is  not  considered  here,  as  the  choice  of  the  methods 
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to  be  used  depends  much  upon  various  local  conditions, 
and  the  cost  per  mile  is  very  little  affected  by  the  size  of  the 
conductor  laid.  It  may  be  worth  while  to  suggest,  however, 
that  the  cost  per  ton  of  copper  of  a  cable  armoured  for 
laying  direct  in  the  ground  is  higher  than  that  of  a  similar 
cable  sheathed  for  drawing  into  pipes  or  conduits,  and  as 
the  allowance  for  depreciation  and  maintenance  of  pipes 
and  conduits  is  a  good  deal  lower  than  that  for  cable, 
economy  may  frequently  be  best  studied  by  the  use  of  a 
"  drawing-in "  system.  The  facilities  for  renewal  and 
repairs  and  for  replacing  cables  by  others  of  larger  size  if 
required,  are  advantages  not  to  be  lightly  ignored,  and  the 
conditions  on  electric  traction  systems  enable  these  advan- 
tages to  be  utilised  to  a  degree  that  does  not  obtain  in  some 
other  services.  The  calculation  of  best  sizes  for  track 
feeders  is  exactly  that  above  described,  but  in  most  cases  a 
higher  value  has  to  be  taken  for  the  wasted  energy,  i.e.j  %v  in 
the  equations  is  smaller.  This  leads  to  the  use  of  a  lower 
density  in  such  cables  or  to  a  larger  provision  of  copper  for 
the  current  to  be  carried.  The  reason  is  that  in  most  cases 
a  "  negative  booster "  has  to  be  employed  in  connection 
with  such  a  feeder,  and  the  energy  wasted  has  to  be  loaded 
with  the  loss  in  transforming,  and  the  capital  charges  on 
the  apparatus.  The  booster  may  be  considered  a  part  of 
the  feeder,  and  as  its  size  and  the  losses  in  it  are  proportional 
to  its  output,  they  are  properly  brought  into  the  calculation 
by  charging  a  higher  price  per  unit  delivered  to  the  cable. 
Appendix  No.  3  gives  some  examples  of  such  calculations, 
and  is  also  applicable  to  trolley  feeders  in  which  "  boosters" 
are  employed  to  keep  up  the  voltage  at  the  distant  end. 

Considering  the  figures  given  in  the  tables,  it  will  be  seen 
that  the  limiting  distance  due  to  loss  of  pressure  in  feeders 
designed  on  economical  principles  is  reached  at  from  two  to 
three  miles  from  the  generating  station.  The  density  of  the 
traffic  does  not  affect  this  limit.  The  cost  of  energy  does 
affect  it,  and  in  such  a  way  that  the  lower  this  cost,  the 
shorter  is  the  range  of  economical  distribution,  because  the 
economical  density  being  higher,  the  limiting  drop  of  voltage 
is  the  sooner  reached.  But  it  may  be  worth  while  in  any 
particular  case  to  use  heavier  conductors  and  so  extend  the 
working  radius  of  a  station,  because  the  cheaper  generation 
of  power  at  that  particular  place  more  than  compensates  for 
the  increased  distribution  costs. 
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It  may  happen  also  that  the  use  of  heavier  mains  for  the 
more  distant  parts  of  the  system  may  prove  to  be  cheaper 
than  any  other  means  of  keeping  the  pressure  up  on  those 
parts.  It  is  a  useful  feature  of  the  methods  of  calculation 
herein  described  that  they  indicate  in  a  facile  way  the 
results  of  any  departure  from  the  theoretically  best  con- 
ductor sections,  and  so  provide  at  Jeast  part  of  the  data 
for  determining  the  best  system  to  adopt. 

When  the  distribution  radius  much  exceeds  the  distances 
above  named,  it  will  be  obvious  that  the  single  station 
supplying  direct  to  the  feeder  system  becomes  impracticable, 
and  it  is  under  these  circumstances  that  an  engineer  is  called 
upon  to  investigate  thoroughly  the  alternatives,  and  estimate 
the  total  annual  cost  of  working  the  lines  by  means  of  each 
of  such  alternatives.  Only  certain  systems  in  practical  use 
in  the  United  Kingdom  can  be  mentioned.  They  are — 
I.  The  multiplication  of  generating  stations  retaining  the  con- 
tinuous-current low-tension  system  of  generation.  2.  The 
use  of  battery  substations  chafged  from  a  single  generating 
station.  3.  The  use  of  a  single  generating  station,  generating 
polyphase  currents  at  high  pressure,  and  transforming  sub- 
stations placed  at  suitable  points  on  the  line,  supplying  low- 
tension  continuous-current  to  the  line  feeders.  The  direct 
current  for  the  lines  near  the  station  may  or  may  not  be 
generated  by  special  continuous-current  sets  :  w^hen  it  is, 
separate  consideration  has  to  be  given  to  such  contiguous 
area,  in  calculating  conductors  and  costs. 

The  second  system  above  mentioned  has  but  few 
examples,  and  reliable  data  are  somewhat  difficult  to 
obtain.  Its  application  would  seem  to  be  limited  to 
cases  where  an  infrequent  service  is  given  on  distant 
lines ;  hence  the  feeders  having  to  carry  but  a  small 
average  current,  their  size  may  be  kept  down,  and  the 
battery  provides  for  the  larger  current  needed  by  the  cars. 
It  will  be  obvious  that  the  arrangements  require  to  be 
carefully  thought  out  in  order  to  ensure  the  battery 
being  properly  charged,  and  always  available  during 
service  hours.  A  very  good  example  is  that  designed  by 
the  late  Dr.  John  Hopkinson  for  the  Leeds  Tramway, 
and  described  in  Professor  Ernest  Wilson's  "  Electrical 
Traction/'  It  will  be  found  that  some  complication  is 
involved.     Considering  the  present  limited  application  and 
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the  many  questions  of  detail  involved  in  calculating  the 
working  cost  of  such  arrangement,  the  system  cannot  be 
discussed  now,  and  is  mentioned  as  a  practical  means  of 
meeting  the  demand  which  may  be  sometimes  made  for 
working  a  long  branch,  the  traffic  on  which  only  calls  for  a 
sparse  service,  or  on  which  the  traffic  is  relatively  heavy  for 
only  a  small  portion  of  the  working  hours.  The  discussion 
will  be  narrowed  down  then  to  a  comparison  of  the  first 
and  third  alternative  systems,  involving  a  statement  of  the 
data  which  affect  the  choice  and  the  calculations  by  which 
the  working  cost  of  each  may  be  estimated  with  an  exact- 
ness dependent  upon  the  accuracy  of  the  figures  adopted. 
As  some  of  these  figures  must  themselves  be  estimated,  the 
judgment  and  experience  of  the  engineer  are  here  very 
important  factors. 

It  is  quite  clear  that  there  are  two  broad  questions  to  be 
decided  in  each  case ;  first.  What  will  be  the  total  cost  of 
producing  a  unit  at  the  station  or  stations  ?  and  secondly, 
What  will  be  the  total  cost  of  getting  a  unit  to  the  car  ?  The 
first  question  involves  the  charges  on  the  capital  cost  of  the 
station  plant  in  addition  to  the  working  expenses,  and  the 
second  question  involves  the  efficiency  of  the  distributing 
system  as  well  as  the  capital  charges  upon  it,  as  the  cost  of 
delivering  a  unit  includes  the  energy  wasted  in  its  distribu- 
tion. **  Used  in  distribution  "  seems  a  more  rational  expres- 
sion than  "  Wasted  in  distribution,"  but  the  latter  phrase  is 
so  widely  adopted  that  confusion  might  result  from  an 
attempt  to  reform. 

It  is  obvious  that  by  the  multiplication  of  directly  feeding 
generating  stations  ad  lib,  the  loss  in  distribution  as  above 
defined  may  be  reduced  to  any  desired  extent.  On  the 
other  hand,  with  a  system  involving  transformation  there 
is  some  minimum  loss  which  cannot  be  reduced,  and  which 
corresponds  to  the  attainable  efficiency  of  the  transforming 
devices.  Clearly,  then,  this  minimum  loss  constitutes  a 
handicap  upon  the  multiphase  high-tension  system  which 
must  be  overbalanced  by  other  advantages  in  order  to 
justify  its  adoption. 

The  reduction  in  the  cost  of  generation  of  energy  due  to 
the  employment  of  large  units  in  one  large  station  as  against  * 
smaller  units  in  a  number  of  stations  can  only  be  estimated 
in  advance  by  a  complete  study  of  local  conditions  guided 
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by  experience  and  judgment.  Cases  arise,  of  course,  where 
it  is  clear  that  a  station  at  a  particular  place  enjoys  such  a 
great  advantage  as  regards  cost*  of  fuel,  abundant  available 
condensing  water,  and  freedom  from  neighbours  who  may 
object  to  noise  and  vibration,  that  direct  and  indirect  costs 
must  be  much  lower  than  in  any  other  available  site.  The 
greater  economy  in  staff  and  in  total  value  of  plant  and 
buildings  to  be  obtained  by  generating  at  one  station 
instead  of  several  can  be  estimated  very  fairly.  A  more 
difficult  item  to  estimate  is  the  relative  value  of  the  land. 

Whilst  every  case  requires  special  study  to  determine 
what  advantage  in  generating  costs  is  attainable  by  the 
adoption  of  the  single  large  station,  a  study  of  the  distribu- 
tion costs  can  be  made  on  general  principles,  which  will 
indicate  what  that  saving  must  be  in  order  to  give  the  single 
station  a  balance  of  advantage. 

The  limit  of  continuous-current  supply  has  been  assumed 
to  be  the  distance  at  which  the  drop  in  the  trolley  wire  is 
50  volts,  ue.  10  per  cent,  of  the  energy  given  to  the  cars. 
Assuming  a  uniform  distribution  of  the  cars,  this  means  an 
average  drop  of  5  per  cent,  over  the  w^hole  system.  (Notice 
that  if  the  system  is  one  radiating  from  a  large  town,  so  that 
the  cars  are  more  dense  near  its  centre,  the  average  drop 
will  be  less.  It  can  be  calculated  as  closely  as  the  service 
can  be  predicted.)  The  loss  in  track  feeders  will  be  less  ; 
probably  2J  per  cent,  will  cover  it  in  most  cases. 

This  total  loss  of  power  in  distribution,  amounting  to 
y}^  per  cent,  of  that  delivered  to  the  cars,  can  be  attained 
with  generating  stations  spaced  from  4  to  6  miles  apart,  i.e. 
delivering  power,  each  for  a  radius  of  from  2  to  3  miles. 
As  the  interest  item  of  distributing  cost  equals  in  value  that 
of  the  loss  of  power  item,  it  follows  that  distribution  costs  in 
such  a  system= 15  per  cent,  of  the  value  of  the  power  delivered 
to  the  car,  and  the  total  cost  of  100  B.T.U.  at  the  cars= 
that  of  generating  115  B.T.U.  The  plant  has  to  be  propor- 
tioned to  produce  107^  per  cent,  of  the  energy  delivered  to 
the  cars,  as  its  normal  full  load. 

In  a  multiphase  transforming  system,  the  overall 
efficiency  cannot  at  present  be  taken  at  more  than  80 
per  cent.  Mr.  Parshall  has  given  figures  from  Dublin 
experience  showing  somewhat  lower  rates,  but  80  per 
cent,  seems  attainable.    Then  the  generating  stations  will 
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have  to  supply  125  , units  per  100  units  delivered  to  the 
cars.  The  interest  and  operating  costs  of  the  distributing 
system  cannot  be  calculated  so  simply  in  this  case  as 
in  the  former,  as  moving  transforming  devices  calling  for 
human  attention  are  involved :  but  if  the  prices  of  those 
devices  are  known,  and  a  proper  rate  of  interest  calculated 
to  cover  depreciation,  the  cost  of  attendance  and  sites  can 
be  got  at  pretty  closely,  and  a  price  worked  out  per  unit 
delivered  to  the  mains  which  can  be  expressed  as  a  per- 
centage rate  of  loss  of  the  energy  delivered.  If  this  is  called 
N,  the  following  expression  shows  at  what  proportionate 
cost    the    high-tension    station   must    generate   energy   to 

counterbalance  the  larger  distribution  losses:  -= ^^ 

^  a     125  +  N 

where  6  equals  cost  of  production  at  the  single  h.t.  and 

a = cost  of  production  at  the  multiple  l.t.  stations.     Unless 

— < --^f  the   low-tension    multiple  station   system   will 

rt     125  -h  N  ^  ^ 

give  the  lower  working  cost.     For  this  calculation  to  be  of 

any  practical  value,  it  is  evident  that  the  cost  of  production 

must  be  properly  debited  with  all  charges  in  each  case.     To 

make  such  an  estimate  for  prospective  stations  with  a  near 

approach  to  accuracy  is  a   task  much  more  difficult  than 

that  of  calculating  conductors,  but  an  incorrect  decision  as 

to  the  system  to  be  preferred  in  a  given  case  is  not  probable 

if  experience  and  judgment  are  brought  to  bear  on  a  careful 

investigation  of  the  local  conditions. 

The  value,  N,  above  taken  includes  the  interest  item  on 
both  the  high-  and  low-tension  conductors.  This  value  can 
be  found  as  in  the  other  case,  and  will  as  in  that  case  be 
equal  to  the  ohmic  loss  in  each  :  but  it  must  be  noted  that 
the  cost  of  a  watt  is  greater  in  the  low-tension  conductors 
owing  to  the  transforming  loss.  The  best  density  in  the 
high-tension  conductors  is  found  exactly  as  in  the  case  of 
direct  supply,  but  the  cost  per  ton  of  copper  will  be  con- 
siderably higher  in  the  case  of  the  three-core  high-tension 
cable,  and  hence  the  best  density  will  be  higher.  The 
interest  and  operating  costs  of  the  transformers  must  be 
carefully  considered,  proper  allowance  being  made  for  the 
necessary  spare  plant  and  margin  of  power  necessary. 

If  these  costs  come  to  d  pence  per  unit,  the  condition  of 
advantage  for  the  high-tension  system  is 

Digitized  by  LjOOQ  IC 


1900.]  ELECTRIC  TRACTION.  701 

b  +  d  115 

a       ^   i25+/> 

.where  p  is  the  percentage  value  of  the  losses  in  the  high- 
tension  conductors.  This  will  usually  be  small,  not  over  5 
per  cent.,  and  taking  this  value  we  get 

b  +  d^  115  . 
a        130  ' 

so  that  for  equal  costs  under  the  two  systems 

6  =  -885a-ri; 

or  in  words,  the  cost  of  generation  at  the  single  high-tension 
station  must  be  less  than  88^  per  cent,  of  the  cost  at  the 
low-tension  stations  by  the  cost  per  unit  of  interest,  atten- 
tion, and  stores  due  to  the  transformers.  If  6  <  '885  a  —  d, 
the  difference  is  the  saving  per  unit  to  be  made  by  the 
high-tension  system  ;  if  &  >  '885  a  —  d,  the  difference  is  the 
advantage  for  the  low-tension  system. 

Using  correct  data  to  suit  the  case,  a  very  good  judgment 
can  be  arrived  at  as  to  the  most  economical  system  to  be 
adopted,  and  it  is  suggested  with  much  confidence  that  such 
calculation  is  a  safer  guide  than  a  general  statement  that  for 
a  traction  station  of  over  so  many  thousand  horse-power  this 
or  that  system  is  the  only  commercial  one.  It  seems  to  be 
overlooked  sometimes  that  the  cost  per  unit  at  the  car,  and 
not  at  the  switchboard,  is  the  commercial  criterion,  and  that 
to  attain  a  lower  figure  at  the  car  the  cost  of  the  unit  at  the 
switchboard  must  be  very  considerably  lower  in  the  case  of 
any  system  using  moving  transformers  than  in  alternative 
arrangements. 

The  choice  of  a  site  for  a  generating  station  may  greatly 
affect  the  generation  costs,  and  as  these  materially  influence 
the  design  of  the  distributing  system,  the  importance  of 
careful  choice  of  site  or  sites  is  very  great,  and  in  any  con- 
templated electric  traction  system  this  should  be  one  of  the 
earliest  matters  submitted  to  and  decided  by  the  engineer. 
Whenever  possible,  eligible  sites  for  compulsory  purchase 
should  be  scheduled  in  the  order  authorising  the  line.  The 
points  affecting  the  choice  are  foreign  to  the  subject  now 
discussed  and  a  certain  cost  per  unit  at  the  switchboard  will 
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be  herein  assumed,  the  sole  subject  considered  being  the 
delivery  of  the  power  to  the  cars  at  minimum  cost  under  the 
conditions  imposed.  The  economical  use  of  the  power  on 
the  cars  is  also  foreign  to  this  discussion,  but  it  cannot  be 
seriously  contended  that  waste  on  the  car  excuses  avoidable 
waste  in  the  distributing  plant.  The  consideration  of  a 
particular  case  will  best  illustrate  the  application  of  the 
foregoing  principles. .  Diagram  A  is  a  scale  plan  of  a  tram- 
way system,  all  single  lines  with  turnouts.  The  proposed 
service  results  in  a  distribution  of  cars  as  marked  in  figures 
along  each  section  of  the  line.  The  total  number  of  cars  is 
57.  The  average  current  taken  by  each  car  is  reckoned  at 
15  amperes.  Hence  the  average  power  demanded  at  the 
cars  will  be 

-^ ^^ ^^^—  =  427'q  k.w. 

1000  ^  ^  ^ 

At  T  is  a  site  available  for  a  power-house.  The  extremes 
as  regards  distance  from  T  are  A  7*1  miles  west,  H  5*2  miles 
east,  and  L  7  miles  south-west  of  T.  There  is,  however,  a 
shorter  route  from  T  to  J  than  by  the  tramway,  and  this 
route  being  available  for  a  feeder  cable  reduces  the  distance 
T  L  to  about  4*35  miles,  and  facilitates  feeding  at  J,  which  it 
will  be  seen  is  an  important  centre.  In  natural  order  one 
should  first  consider  the  use  of  T  as  sole  generating  station 
for  the  whole  system,  find  the  most  economical  current 
density,  and  see  whether  the  drop  permits  of  low-tension 
generation  and  direct  feeding  (Diagram  B). 

For  the  purpose  of  this  example  the  following  figures  are 
used  : — 

Annual  charges  on  cost  of  cable  for  interest  and  depre- 
ciation, 7  per  cent,  or  R  =  7. 

Annual  hours  of  use,  say  15  x  365  =  5,475. 

Cost  of  energy  per  B.O.T  unit  at  switchboard  //  =  75^. 

Tons  of  copper  per  mile  run  of  i  square  inch  cross- 
section  =  m  =  g-i. 

Cost  of  insulated  cable  per  ton  of  copper  p  =  £1$^- 

Watts  continuously  lost  worth   £1   per   annum  =  w  = 

-?^—  X  •  75  =  58-45. 
5-475         ^^       ^    ^^ 

Then  by  formula  given  in  Appendix  No.  i  we  have — 
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^  _  R.w.p.m.  '045  _  7  X  58-45  X  -045  X  9' I 
100  100 

=  251  or  /  =  15-8  ; 
say — 

/ 
— -  =  352  amperes  per  square  inch  is  thus  the  most  econo- 
mical density  in  this  case.  The  voltage  drop  per  mile  is  15-8. 
Hence  the  drop  from  T  to  A  would  be  15-8  x  7*1  =  112 
volts,  and  from  T  to  H  15-8  x  5*2  =  82  volts.  These  are 
too  great  for  good  working,  and  taking  50  volts  as  the  limit, 

the  distance  limit  is  -^-q  =  3*16  miles.     Beyond  this  limit 
i5'o 

there  are  15  cars  west  and  3  cars  east  of  T,  so  that  two- 
thirds  of  the  load  come  inside  the  permissible  drop,  and 
should  be  supplied  by  directly-fed  cables.  The  remainder 
should  be  fed  by  "  boosted  "  cables.  No  allowance  is  made 
for  the  conductivity  of  the  trolley  wires  excepting  where 
they  suffice  without  cables  in  paiallel,  and  there  two  No.  0 
wires  of  '162  square  inches  combined  section  are  reckoned  on. 
It  is  found  in  practice  that  in  a  tramway  system  calling  for 
several  feeders  it  is  better  to  work  the  trolley  wire  in  separate 
sections,  each  being  fed  by  a  distinct  feeder.  This  results 
in  the  rapid  localisation  of  short  circuits  of  all  kinds  and 
minimises  disturbance  to  traffic.  It  also  facilitates  the 
proper  loading  of  the  individual  feeders  and  gives  valuable 
information  to  the  power-house  staff  as  to  the  distribution 
of  the  load. 

The  losses  in  the  feeders  to  the  directly-fed  portions  of 
the  sample  system  will  be  approximately  as  follows  : — 

The  cable  T  J  has  to  carry  98  amperes  2*125  miles;  the 
average  length  on  the  branches  beyond  J  over  which  the 
power  will  be  distributed  is,  say,  i  mile  total  from  T  3*125 
miles.  The  branches  J  D  and  J  I  will  only  be  fed  vid  J  to 
points  equidistant  from  T  by  the  other  routes,  and  on  all 
these  branches  the  trolley  wires  suffice  without  cable.  The 
remainder  of  the  current  from  T  within  the  area  is  supplied 
by  cables  accompanying  the  line,  and  for  the  purposes  of 
this  approximate  calculation  it  may  be  taken  that  the  load 
is  symmetrical  along  them,  so  that  the  average  load  may 
be  taken  as  half  the  total  and  the  loss  as  that  due  to  half 
the  current  carried  the  extreme  distance.  (Obviously  the 
loss  may  be  calculated  much  more  minutely  than  this  for 
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any  given  distribution  of  cars,  gradients,  etc.)  The  current 
being  532  amperes,  half  of  it  is  266  amperes.  Then  we  get 
total  loss  in  watts — 


For  current  supplied  to  J  98  x  3*125  x   15*8=    4,820 
And  the  balance  266  x  3*16     x   15*8  =  13,300 

1 8*  1 2  k.w. 

As  58-45  watts  cost    £1   in  a  year's   working,  the   money 

cost  of  this  loss  will  be  — ^ =  :/^3io  in  round  figures, 

and  as  the  interest  cost  of  the  cables  should  equal  the  total 
cost  of  distribution  (strictly  speaking  that  portion  of  the 
cost  affected  by  system  adopted)  to  the  trolley  wire,  the 
total  cost  under  these  heads  for  the  lines  considered  would 
amount  to  ;^62o  per  annum.  But  the  use  of  the  trolley 
wire  where  practicable  will  reduce  the  cable  cost  and 
interest  item  below  this  theoretical  amount,  and  a  table 
follows  giving  the  actual  feeder  cost. 

Inspecting  the  plan,  it  is  clear  that  the  junction  I  is 
about  the  centre  of  gravity  of  the  load  beyond  the  3*  16 
miles  on  the  western  sections.  This  is  5  miles  from  T, 
and  the  load  to  be  delivered  is  that  for  15  cars  =  225 
amperes.  The  energy  lost  in  these  boosted  feeders  is  more 
costly,  having  been  transformed  by  the  boosters,  whose 
efficiency  is  rarely  over  75  per  cent.  The  value  of  the 
boosted  unit  must  therefore  be  taken  at  75  x  1*33  =  id.,  the 

value  of  w  becomes  44  instead  of  58*45,  and  /^  =-5-— —^44 

5^'45 

=  189  nearly,  or  /  =  1375  and  -^-^  =  306  amperes  per 

square  inch  as  best  density.     Drop  per  mile  is  1375  volts. 

The  boosters  w^ould  only  be  necessary  to  make  up  the 
drop  in  the  lengths  beyond  the  50-volt  drop  limit,  so  that 
this  lower  density  should,  strictly  speaking,  apply  only  to 
the  excess  of  cable  length  beyond  3-16  miles.  It  will  be 
better,  obviously,  to  use  a  conductor  of  uniform  section  to 
give  the  same  drop.  In  the  case  of  the  western  section 
then  the  drop  will  be  50  +  (1375  x  1*84)  =  75*3  or  15*06 
volts  per  mile,  showing  that  the  refinement  makes  little 
difference  in  this  case.     On   the  eastern  section  the  drop 
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will  be  50  +  (1375  X  i-i6)  =  6595,  say  66  volts,  or  15*3 
per  mile. 

The  losses  will  thus  be  : — 

Western   75*3  x  225  =  16,942  watts. 
Eastern    66      x     45  =    2,970       „ 

19,912 

Of  this  20  k.w.,  270  X  50  =  13,500  unboosted  cost 
;^*i  per  58-45,  and  6,500  cost  £1  per  44,  so  that  the  total 
annual  cost  of  the  loss  in  these  feeders  will  be  : — 

-  \j  —  =  £2x1  nearly 

6-500 
44    =     148       „ 

;^379  yf 
The  interest  on  the  mains  will  be  somewhat  less,  owing 
to  the  use  of  trolley  wire  on  the  more  lightly  loaded 
branches.  To  this  has  to  be. added  an  annual  charge 
representing  interest,  mainteanance  and  running  cost  of 
*'  boosters"  to  give  an  output  of  6*5  k.w.  With  spare  plant 
10  k.w,  might  be  provided,  and  would  probably  cost  ;^2o 
per  k.w.,  say  ;£200.  Fifteen  per  cent,  per  annum  is  a 
proper  charge  for  interest  and  running  expenses  on  such 
plant,  so  that  this  item  would  be  ;^'30  per  annum. 

The  following  is  a  schedule  of  feeders  on  the  trolley  side, 
wherever  needed  to  supplement  the  trolley  wires  : — 

DIRECT   FEEDERS. 


Line. 

Lenj»th,  Miles. 

Amperes. 

Section  Cu. 
sq.  in. 

Tons,  Cu. 

Value. 

TJ 

2125 

98 

1            -277 

5*37 

^='817 

TE 

•35 

247 

700 

1 

2.23 

337    1 

ED 

2*00 

165  mean 

•470 

«d5 

1,290        . 

TF 

•9 

187     „ 

•531 

4*35 

655    ; 

FG 

1-25 

120    „ 

•342 

3-56 

538 

6-625 

24*06 

.i-3/>37 

VOL. 

XXIX. 

48 
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BOOSTED   FEEDERS. 


Line. 

Length,  Miles. 
4'* 

Amperes. 

Section  Cu. 
sq.  in. 

Tons  Cu. 

Value. 

TC 

225 

•672 

25-0 

;£3i775 

CI 

•9 

60 

•179 

•15 

23 

CB 

I'l 

75 

•224 

•22 

33 

TO 

3-8 

45 

•134 

4-63 

699 

99 

30*00 

£4.530 

Total,  £8,167. 

The  cost  of  distribution  on  the  trolley  side  is  thus  : — 

Loss  in  direct  feeders,  18*12  k.w.,  worth  annually  ... 
Interest  on  cables  in  ditto,  7  per  cent.  ^^3,637 

Loss  in  boosted  feeders    ]  'p  ^''''>  '''''^^  £^^\  \ 

Interest  on  cables  in  ditto,  7  per  cent.,  ;^4,530 
Annual  charges  on  boosters 


This  works  out  per  unit  delivered  to  the  cars  :- 


£3^0 
255 

379 

30 
£h^9^ 


1,291  X  240^  _  309*840 
4"27-5irs475  ■"  2,340,000 


=  -i33d.; 


making  total  cost  'SSsd.,  disregarding  losses  in  the  return 
conductors.  But  the  regulation  as  to  P.D.  in  rails  forbids 
such  disregard,  and  their  effect  must  now  be  considered. 

Assume  that  the  track  is  single  and  laid  with  90-lb.  rails, 
or  180  lbs.  rail  per  yard  of  track.  Assuming  the  resistance 
of  the  rail  to  be  1 1  times  that  of  copper  of  equal  section, 
and  that  joints  add  5  per  cent,  to  that  resistance,  a  mile  of 
bonded  track  will  have  a  resistance  of  '0289  ohm.  The 
interesting  paper  read  by  Mr.  P;u-shall  before  the  Institution 
on  April  28th,  1898,  will  be  familiar  to  all  concerned  in  this 
question,  as  it  shows  by  examples  how  the  chemicalconi- 
position  of  rails,  kind  of  bonding,  and  number  of  joints  per 
mile  have  to  be  taken  into  account.    Naturally  the  mechanical 
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use  of  the  rails  takes  precedence  of  their  electrical  functions, 
and  hence  the  electrical  engineer  has  to  be  thankful  for 
what  he  can  get.  The  resistance  of  the  return  as  laid  is 
usually  lower  than  that  of  the  rails  alone,  some  conduction 
being  afforded  by  the  earth.  The  amount  of  this  varies 
very  much.  Mr.  Parshall  has  found  an  instance  in  which 
only  two-thirds  of  the  current  returned  by  the  rails.  Weather 
affects  it.  In  one  case  within  the  writer's  knowledge  wet 
weather  reduces  the  voltage  drop,  and  also  the  stray  current, 
evidently  increasing  the  conductivity  of  the  non-metallic 
parts  of  the  track. 

But  as  this  earth  shunting  of  the  rails  cannot  be  foretold, 
the  safe  course  is  to  take  the  resistance  of  the  uninsulated 
return  as  that  of  the  rails  alone.  To  allow  for  possible 
increase  of  service,  abnormally  busy  days,  and  bunching  of 
cars,  the  limit  calculated  on  should  be,  say,  5  volts,  not  the 
whole  7  volts  allowed  in  the  Board  of  Trade  regulations. 
The  integrated  product  of  amperes  into  miles  to  give  this 

drop  will  thus  be  —^  =  173  ampere  miles.     Mr.  Trotter's 

paper  of  April,  1898,  gives  a  neat  and  simple  graphic  method 
of  showing  the  drop  under  given  conditions.  It  can  be 
easily  applied  along  any  section  of  line  with  a  uniform 
service.  For  such  a  case  as  that  under  consideration,  with 
varying  services  along  different  sections  and  junctions,  an 
arithmetical  process  seems  a  little  simpler.  The  arithmetical 
process  is  as  follows  : — Starting  from  the  station,  sum  the 
product  of  amperes  into  miles  until  this  product  equals  the 
constant  corresponding  to  the  limiting  drop — cg.f  173  for 
the  case  here  assumed.  It  is  at  once  clear  that  all  current 
from  cars  beyond  this  point  has  to  return  by  track  feeders. 

From  this  point  start  the  integration  afresh,  and  go  on 
until  the  constant  is  again  reached.  At  this  second  point- 
the  rails  should  be  at  earth  potential.  Recommence  the 
summation  from  this  second  point  and  go  on  again  to  the 
constant.  Then  all  the  current  due  to  cars  between  the  first 
and  third  points  should  return  to  the  station  by  a  track  feeder 
connected  at  the  second  point,  and  so  on  in  succession,  the 
even  points  marking  feeder  connections  kept  at  earth 
potential,  the  odd  points  marking  points  of  maximum  P.D. 
above  earth  in  the  rail.  This  calculation  applies  equally  to 
feeding  points  in  transforming  systems,  so  far  as  such  points 
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depend  upon  the  drop  in  the  return.  It  will  be  clear  that 
the  direction  of  the  current  must  be  from  odd  points  to 
even  points.  When  the  terminus  of  a  route  does  not 
correspond  with  an  odd-numbered  point,  integrate  the 
ampere  miles  from  the  last  odd  point  forwards,  and  from 
the  terminus  backwards,  and  the  point  on  the  line  where 
these  sums  are  equal  is  the  last  feeding  point,  the  potential 
of  which  may  be  above  that  of  the  earth  by  the  amount 
corresponding  to  the  defect  in  the  ampere  miles  from  the 
constant.  This  means,  of  course,  a  somewhat  lighter  feeder, 
but  the  difference  is  usually  insignificant  as  regards  economy. 

Obviously,  the  calculations  above  described  will  only 
give  correct  results  for  the  distribution  of  traffic  and  current 
assumed.  Such  assumptions  can  only  approximate  to 
average  working  conditions,  and  it  is  only  prudent  to  allow 
a  considerable  margin  on  the  upper  side  in  assuming  the 
traffic,  for  growth  and  other  obvious  possibilities.  Again, 
the  feeding  points  so  found  may  not  be  the  best  practically. 
It  would  be  better,  for  example,  to  feed  the  track  at  a 
junction,  connecting  the  feeder  to  all  the  diverging  roads, 
than  at  a  near  point  indicated  by  calculation,  which  would 
result  in  excessive  current  density  in  the  rails  of  one  road. 
Such  excessive  density  may  damage  rails  and  possibly 
cause  local  damage  to  adjacent  pipes. 

The  best  density  of  current  for  track  feeders  is  determined 
exactly  as  for  trolley  feeders,  giving  the  wasted  watts  their 
proper  rate  as  "  boosted  watts."  Unboosted  track  feeders  are 
of  no  commercial  value,  as  Mr.  Parshall  distinctly  showed  in 
the  paper  before  referred  to.  In  our  example,  the  density  for 
boosted  feeders  has  already  been  shown  to  be  306  amperes 
per  square  inch,  giving  a  drop  of  1375  volts  per  mile  run. 
From  these  figures  the  feeder  sections  and  losses,  and  sizes 
of  boosters,  can  be  readily  applied  to  suit  the  feeding  points 
found  in  the  manner  above  explained.  The  detailed  calcu- 
lation for  track  feeders  is  given  in  Appendix  No.  4,  and  all 
track  feeders  needed  on  this  system  are  shown  in  diagram  B. 
The  list  of  them  is  as  follows  : — 


Digitized  by  LjOOQ  IC 


1900,] 


ELECTRIC  TRACTION. 


711 


1 

No.'        Route. 

1 

Length. 

Cur. 
rent. 

Sec- 
tions. 

sq.  in. 

Tons 
Cu. 

Value. 

Drop. 

Loss  in 
Watts. 

I 

T  E'wards 

2-97 

120 

•39 

105 

£1,585 

41-6 

5,CXX) 

2    T  W'wards 

400 

273 

•89 

32-3 

4.877 

60-24 

17,000 

3     TtoJ 

1 

215 

I27'5 

•415 

8-1 

1,223 

32-4 

4,200 

912 

509 

;e7,685 

26,200 

Boosters  to  a  total  capacity  of,  say,  36  k.w.  would  be 
needed,  costing,  say  ;^i5  per  k.w.  or  ;^540.  Annual 
charges  at  15  per  cent,  on  these  amount  to  ;^8i.  As  before, 
the  interest  on  the  mains  is  rather  less  than  the  cost  of 
power,  the  assistance  of  the  rails  coming  in  to  reduce  it. 
We  then  get  on  the  track  side  : — 

Loss  in  feeders,  26'2  k.w.,  worth  annually  ...  ;^6oo 
Interest  on  cables,  7  per  cent,  on  £Tfi^S  •••  53^ 
Charges  on  boosters  81 


Total :^i,2i9 

Adding  this  to  the  cost  on  trolley  side,  £iy2()iy  we  get  a 
total  of  ;^2,5io. 

This  equals  '266d.  per  unit  delivered  to  the  cars,  making 
its  cost  there  i*oi6d. ;  and  the  total  annual  generating  and 
distribution  costs,  as  far  as  here  considered,  ;^9,936.  "^ 

There  will  be  25*645  miles  of  cable  laid  in  12*025  miles  of 
trenching,  weighing  I04'i5  tons,  to  the  value  of  ;^i5,853,  in 
addition  to  the  cost  of  laying  them.    Boosters  will  cost  ;^740. 

The  electrical  efficiency  of  the  whole  system  will  be  about 

1?2_5  =  86  per  cent,  or  a  trifle  higher.     These  figures  show 
499 
very   strongly  that  a  single    low-tension    station  for  this 

system  is  very  expensive  in  first  cost  of  distribution  plant, 
cables  alone  costing  ;^32  per  k.w.  capacity.  The  regula- 
tion as  to  potential  drop  in  rails  puts  direct  supply  out  of 
court  as  soon  as  the  distances  and  traffic  exceed  certain 
moderate  figures.  It  seems,  however,  that  a  modification  in 
track  construction,  using  continuous  girder  supports  under 
the  rails  and  dispensing  with  concrete  and  setts  between 
them,  should  be  a  logical  consequence  of  electrical  traction. 
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and  that  the  conductivity  of  the  track  might  thus  be  largely 
increased  and  bonding  made  much  more  permanent  with- 
out much  increase  in  construction  costs.  The  difficulty 
now  experienced  at  the  joints  of  tram  rails  should  disappear, 
and  the  life  of  the  road  be  greatly  increased.  For  electric 
traction  purposes  the  granite  between  the  rails  is  entirclj' 
unnecessary.  Municipal  tramway  engineers  might  give  this 
a  trial ;  companies  cannot  do  so  in  the  present  state  of  the 
law. 

Multiple  Stations. 

The  first  alternative  to  this  costly  single-station  system  is 
the  provision  of  a  second  generating  station  (Diagram  C), 
still  using  low-tension  plant  and  distribution,  and  retaining 
T  as  one  station,  as  the  plan  indicates  that  T  is  fairly  well 
placed  for  the  eastern  part -of  the  system.  The  junction  I 
appears  to  be  a  good  position,  consequently  the  second 
station  is  assumed  to  be  at  that  point.  The  arrangements 
east  of  T  will  remain  unaltered.  On  the  west,  the  two 
stations  ought  to  supply  power  up  to  equidistant  points 
measured  along  the  tracks.  The  cross-country  conductor 
T  J  will  not  be  needed,  and  though  useful  for  enabling  one 
station  to  assist  the  other  in  case  of  breakdown  (a  valuable 
advantage  of  multiplicity  of  stations),  it  will  not  be  further 
considered  here. 

The  equidistant  point  on  the  route  T  D  C  I  is  'i  mile 
west  of  D,  and  on  the  route  T  D  J  I  it  is  i-68  miles  south  of 
D.  The  western  station  I  will  then  supply  all  the  cars 
between  C  and  D  and  two  out  of  the  five  between  D  and  J  ; 
its  load  will  then  be  24  cars  or  360  amperes,  leaving  T  to 
provide  for  33  cars  or  495  amperes.  The  cost  of  generating 
and  the  most  economical  current  density  are  taken  at  the 
same  rates  as  for  the  single  station. 

T  has  to  supply  westward  the  current  for  14  cars,  or  210 
amperes  as  follows  : — 

60  amperes  for  branch  E  M,  average  distance  1*35  miles. 
105        „  „         TD,        „  „       1-17      „ 

45  yy  yy  D  J,  ,,  „         3'20        „ 

The  two  "cars  on  branch  F  D  are  taken  as  before,  as 
supplied  viA  F. 

At  the  voltage  drop  of  15*8  per  mile  the  total  watts  lost 
come  to  5,500.     East  of  T  they  are   as  before,  8,250  un- 
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boosted,  720  boosted.     I  has  to    supply  360    amperes   as 
follows  : — 

30  amperes  to  branch  D  J,  average  distance  3*3  miles. 

45        M  '  f} 

90  yy  I. 

30  yy  ;) 

30  »  yy 

45  »  >« 

45        n  »j 

The  total  watts  lost 
made  in  this  for  boosting,  as  only  a  little  current  is  carried 
beyond  the  50-volt.  drop  limit,  and  under  the  circumstances 
that  drop  is  unlikely  to  be  exceeded  in  actual  work. 

The  copper  sections,  weights,  and  values  needed  will  be 
as  follows  : — 

DIRECT  FEEDERS. 


I  J. 

yj 

>» 

I '4 

J,K, 

ly 

>» 

3'9 

J  L. 

yy 

yy 

3-8 

CD, 

ft 

yy 

1-6 

CP, 

>» 

yy 

•8 

ICB, 

» 

» 

1-35 

IBC, 

M 

M 

7 

AB, 

yy 

»» 

2-1 

me  to 

10.602. 

No 

provision    is 

Line. 

Length,  Miles. 

Amperes  Mean. 

Section,  Cu. 
sq.  in. 

Tons,  Cu.    1       Value-        i 

TF 

_ 

•9 

187-5                   -531 

4*35 

£655     ' 

FG 

1-25 

120                     -342 

3-56 

538     ; 

TE 

•35 

203        !         -579 

1-84 

278     , 

ED 

200 

98     ,  '         -277 

5-02 

758     ' 

I  B 

ri 

75                -213 

213 

323 

IC 

•9 

142                 404 

3-30 

498 

IJ 

2-8 

98                -277 

701 

1^58 

CD 

165 

45                -129 

1*93 

292 

IO-95 

1 

29-14         A400 

BOOSTED. 

TO 

3-8                     45 

•134           i         4*63 

£699 

1 
1475                                                     1     3377 

£S,099 

Total  3377  tons,  value  ;^5,o99. 
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The  cost  of  distribution  on  the  trolley  side  is  thus  : — 

Loss  in  direct  feeders,  24*37  k.w.,  worth  annually  ;^4ii. 

Loss  in  boosted  feeders,  72  k.w.,  worth  annually  16 

Annual  charge  on  boosters           6 

Interest  on  direct  feeders,  7  per  cent.  ;^4,400    ...  308 

Interest  on  boosted  feeders,  7  per  cent.  ^^699   ...  49 

Total ;^796 

This     works     out     per     unit     delivered     to     the    cars 

— ^Zz —  _.  o-8id.,   or  total  •83id.,  disregarding  losses   in 
2,340,000  '  J      >  &         t> 

returns. 

The  track  feeder  east  of  T  remains  as  before,  and  that 

west  of  T  must  tap  the  rails  at  D  and  carry  120  amperes,  have 

a  section  of  '391  sq.  in.  with  a  drop  of  35-5  volts,  needing  a 

booster  of  4,260  watts.     From  I  one  feeder  to  J  carrying  43 

amperes  section  -140  sq.  in.,  drop  42*2  volts,  will  require  a 

booster  for  2,600  watts.     No  other  will  be  needed,  though  a 

small  addition  to  the  service  and  load  on  the  line  between 

A  and  D  would  call  for  a  feeder  to  B  or  C.     The  track 

feeders  are  then  as  follows  : — 


Line. 


Miles. 


T  Evvards 
T  W'wardsl 


297 


I  S.E  ...  I       2-8 


8-12 


Amperes. 


120 
120 
43 


Section, 
sq.  in. 

•39 


Tons  Cu. 

Value. 

Drop 

Loss  watts 

105 

;£i,585 

41*6 

5,000 

8-33 

1,258 

35'5 

4.260 

3-55 

536 

42-2 

1,815 

22-33 

;£3>379 

",075 

Boosters  to  a  capacity  of,  say,  18  k.w.  will  be  needed, 
costing  ;^27o.  The  cost  of  distribution  on  track  side  will 
thus  be  : — 

Loss  in  feeders,  1 1*075  k.w.,  worth  annually  ;^252 
Interest  on  cables,  7  per  cent,  on  ;^3,379...  236 
Charges  on  boosters,  15  per  cent,  on  ;^27o  41 
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and  the  total  cost  of  distribution  : — 

Trolley  side £l9^ 

Track  side      ...         ...         ...         ...         ..."        529 

equal  to  'issd.  per  unit,  or  a  total  of  -SSsd.  The  capital 
cost  of  the  cables  will  be  ;^8,478,  their  length  22*87  miles, 
laid  in  13*85  miles  of  trenching,  and  the  cost  of  boosters 

The  cost  of  the  cables  amounts  to  £1%  per  k.w.  full  load 
output,  and  the  efficiency  about 

--^^  =  91-5  per  cent. 

The  annual  costs  of  generation  and  distribution  as  above 
qualified  will  be  ;^8,75i,  or  ;^i,i85  less  than  with  the  single 
station,  and  this  sum  is  the  margin  out  of  which  the  extra 
working  and  capital  charges  due  to  the  use  of  a  second 
station  have  to  be  met.  Unless  such  extra  charges  exceed 
the  saving  in  distribution,  the  two-station  system  will  be  the 
more  economical.  A  sound  knowledge  of  the  local  con- 
ditions should  enable  a  fair  estimate  to  be  made,  but  it  is 
not  susceptible  of  calculation  on  general  principles.  The 
incidental  advantages  of  the  multiple-station  system  should 
be  carefully  considered  in  each  case,  and  if  the  calculable 
operating  costs  are  about  equal,  those  advantages  should 
turn  the  scale  in  its  favour. 

Multiphase  Distribution. 

Assume  one  station,  at  T  (Diagram  D),  generating 
plant  to  give  3-phase  current  at  2,500  volts.  Using  3-wire 
mains,  the  current  per  conductor  will  be 

K.W.  ^^~  X  v^3  =  (K.W. -23)  amperes. 

The  cables  will  be  of  the  3-core  twisted  or  equivalent 
type,  and  on  this  account  as  well  as  the  larger  amount 
of  insulating  material  needed,  their  cost  per  ton  of 
copper  will  be  higher.     The  depreciation  will  also  be  at  a 
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higher  rate.  First,  because  the  scrap  price  will  be  a  lower 
proportion  of  total  value  ;  and  second,  because  high-tension 
cables  certainly  suffer  more  from  faults  than  those  under  low 
tension.  Therefore  R  is  taken  at  9  per  cent,  p  at  ;^2o8,  the 
other  values  remaining  as  before — 


/2  _.9x  58-45  X  208  X  -045  X  9' I  ^ 
100 


448  and  T  =  21*2, 


21*2 
the  density =  470  a  per  square  inch,  and  the  drop  per 

mile  2i'2  volts.  The  loss  in  any  3-wire  3-phase  conductor 
will  be  3  C  X  2i'2  per  mile,  where  C  is  the  current  as  given 
above  for  the  load  transmitted,  so  that  the  loss  per  k.w. 
delivered  to  the  cables  will  be  '69  x  2i'2  =  14*62  watts  per 
mile,  or  i'^6  per  cent,  per  mile.  Transformers  will  be 
required  at  G,  T,  D,  J,  and  B,  the  output  needed  being  as 
follows  : — 


From  G 

12  cars 

90  k.w 

T 

12-5 

9375 

D 
J 

12-5 
8-0 

9375 
6o- 

B 

12*0 

90- 

Total       57'o  cars 


427-5  k.w. 


These  loads  are  allocated  on  the  simple  consideration  that 
each  transformer  should  supply  half-way  to  its  neighbour 
in  each  direction,  and  represent  the  energy  delivered  to  the 
cars.  Loss  on  the  low-tension  side  has  to  be  added  to  get 
the  gross  output,  which  may  be  taken  at  450  k.w.  Hence 
at  four  of  the  five  sub-stations  loo-k.w.  sets,  and  at  the  other 
a  65  or  70-k.w.  set  would  suit.  But  allowance  must  be  made 
for  spares  and  for  unusual  demands  due  to  local  pressure 
or  bunching  of  traffic.  Whether  it  would  be  better  to  put 
down  two  loo-k.w.  or  three  50-k.w.  sets  at  the  larger  stations 
should  in  every  case  be  determined  on  comparison  of  the 
cost  of  the  different  sized  sets,  with  their  switch-gear,  the 
probabilities  of  exceptional  traffic,  and  other  fairly  obvious 
considerations.  It  might  well  happen  that  the  two  larger 
sets  would  cost  little  more  to  instal  than  the  three  small 
ones,  and  that  the  extra  flexibility  would  be  well  worth  the 
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cost.  Assuming,  however,  that  the  three-set  plan  is  adopted, 
it  will  be  necessary  to  instal  transformers  to  a  total  capacity 
of  705  k.w. 

The  high-tension  feeders  to  these  sub-stations  will  be  as 
follows,  assuming  a  full-load  efficiency  of  transformation  of 
85  per  cent.,  or  rather  a  constant  loss  during  operation  at 
the  rate  of  15  per  cent,  of  the  rated  capacity,  and  2,500  volts 
pressure  : — 


Line. 

Miles. 

Amperes. 

Sections, 
sq.  in. 

Tons  Cu. 

Value. 

Loss  in 
Watts. 

TG 

2-15 

3  X  24-2 

3  X  -051 

2-98 

;£620 

3»307 

TD 

2*35 

3  X  25 

3  X  -053 

3-27 

680 

3^736 

TJ 

2*15 

3  X  i6-i 

3  X  -034 

1*95 

406 

2,201 

TB 

5-25 

3  X  24-2 

3  X  051 

730 

1,518 

8,c8o 

11*90 

15-50 

;£3.224 

17,324 

The  loss  in  the  transformers  on  the  above  assumption  w^ill 
be  15  per  cent,  x  470  =  70*5  k.w.  With  this  disposition  of 
sub-stations  no  track  feeders  are  needed,  and  secondary 
trolley  feeders  can  also  be  dispensed  with,  as  the  trolley 
wires  of  usual  size  will  not  drop  more  than  10  volts  average 
all  over  the  system,  the  worst  point  being  H,  where  the 
drop  will  be  32  volts.  The  trolley  wires  leading  east  of  G, 
from  T  to  E,  and  B  to  C,  will  be  somewhat  heavily  loaded, 
and  for  reliability  of  service  it  might  be  well  to  use  some 
auxiliary  feeders,  or  heavier  trolley  wires  on  these  sections, 
but  this  will  not  be  necessary  for  distribution  efficiency. 


The  distribution  losses  will  then  be  : — 

In  H.T.  cables        17-3 

In  transformers      70*5 

In  trolley  wire        8*55 


k.w. 

J} 


96-35  k.w. 
ana  the  generating  plant  must  be  able  to  give  out  524  k.w. 
Overall  efficiency  of  the  system  being  thus  ^  ^  ^  ==  81  per 
cent,  nearly. 
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This  is  a  little  higher  than  Mr.  Parshall's  figures  for 
Dublin.  No  addition  has  been  made  to  the  cable  losses  for 
power  factor  being  less  than  unity,  and  it  appears  probable 
on  the  rather  scanty  information  obtainable  in  this  country 
that  full  justice  is  done  to  current  practice  in  the  above 
result.  To  obtain  the  annual  cost  of  this  distribution,  proper 
charges  on  the  transformers,  including  attendance,  have  to 
be  estimated.  This  again  is  not  easy,  for  the  prices  of  such 
plant  are  not  readily  obtainable,  but  for  the  present  purpose 
market  prices  are  not  essential.  There  is  good  authority 
for  the  statement  that  for  smaller  sizes  than  200  k.w.  motor 
generators  perform  better  than  static  transformers  and 
rotary  transformers,  therefore  motor  generators  are  assumed 
in  the  following  figures  : — 

Motor  generators  to  capacity  of  705  k.w.  at  ;^I5 

per  k.w.  with  switch-gear  10/575 

Four  sub-stations  and  sites  at  ;^8o  each     320 


^.'10,895 

Interest,  depreciation  and  repairs,  12J  per  cent,  on 

;^io,575  and  2^  per  cent,  on  ;^32o      1*329 

Attention  to  each  set,  say  3s.  per  week  or  £y  i6s. 

per  annum,  15  sets  117 

Oil,  brushes,  and  sundries,  say  £2  ids.  per  annum, 

per  set       37 

Total  per  annum     £^A^i 

The  distribution  costs  then  work  out  as  follows  : — 

£ 

H.T.  conductors,  C^R  loss  value     ^     "^ 20'; 

58-45  ^^ 

Interest  on  cables  (cost  ;^3,224)       290 

Loss  in  transformers —J-  - ...         ...        1,20:: 

5«-45  ^  '     ^ 

Loss  in  trolley  wire,  8,550  at  48*5  per -;^ I   ...         ...  176 

Interest  and  attention  and  stores  on  transformers        1,483 

^ — 

;f  3,449 

This  sum  amounts  to  •352d.  per  unit  delivered  to  the  c;u*s, 
making  the  cost  of   the  power  there   i'i02d.  per  unit,  or 
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;^io,875  annually.  This  is  •2i7d.  per  unit,  or  ;^2,i24per 
annum  in  excess  of  the  two-station  direct  supply,  and  ;^939 
in  excess  of  the  one-station  direct  supply,  ^s  will  be  shown 
by  the  tabulated  results  below. 

Obviously  a  high-tension  station  cannot  generate  at  a 
lower  cost  per  unit  than  a  low-tension  station  on  the  same 
site,  but  the  result  of  this  investigation  goes  to  show  that  if 
in  the  neighbourhood  a  site  exists  with  such  advantages  that 
the  cost  per  unit  of  the  power  generated  there  and  delivered 
to  T,  or  equal  point,  will  be  under  'Ssd.,  instead  of  75d., 
there  will  be  an  advantage  in  using  the  transformer  system. 
In  other  words,  this  calculation  shows  what  saving  in  gene- 
ration costs  is  required  to  justify  the  use  of  a  transformer 
system  and  a  high-tension  station. 

The  capital  expenditure  is  not  much  reduced,  as  the  total 
for  cables  and  transformers  amounts  to  ;^i4,ii9,  which  lies 
between  the  costs  of  cables  and  boosters  in  the  two  low- 
tension  systems  discussed.  There  would  be  also  a  consider- 
able saving  in  cable-laying  expenses,  due  to  the  lighter 
cables  and  smaller  number  of  ways  needed.  This  point  and 
the  difference  between  the  capital  outlay  in  the  stations  are 
foreign  to  the  present  subject,  but  must  of  course  be  keenly 
studied  in  practical  designing.  It  should,  however,  be  noted 
that  the  load  factor  is  of  great  importance,  and  that  the 
assumed  conditions  are  rather  more  favourable  to  a  trans- 
forming system  than  the  conditions  usually  found  in 
practice,  for  the  reason  that  the  losses  in  transformers  are 
largely  independent  of  the  load,  and  that  sufficient  trans- 
former capacity  must  be  kept  in  use  to  provide  for  the 
maximum  demands  during  any  given  period.  The  device 
of  dividing  into  small  sets  and  putting  them  in  as  needed 
cannot  be  carried  far  for  several  reasons.  Hence  the  losses 
are  more  nearly  those  due  to  the  maximum  than  to  the 
average  load  over  any  given  period.  Cable  losses  on  the 
other  hand  vary  with — and  as  the  square  of — the  actual 
load,  consequently  a  poor  load  factor  tells  much  more 
against  the  efficiency  of  transformers  than  of  cables. 

The  small  proportion  of  the  total  losses  due  to  the  high- 
tension  transmission  indicates  the  small  effect  of  distance  on 
the  overall  efficiency,  so  that  the  radius  within  which  the 
advantages  of  a  specially  favourable  position  for  a  generating 
station  may  be  utilised  is  not  severely  limited.     For  lines  on 
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which  multiphase  motors  and  the  consequent  increased 
number  of  overhead  wires  are  practicable,  it  is  apparent 
that  the  advantages  of  this  system  are  very  great.  Only 
static  step-down  transformers  being  required,  the  overall 
efficiency  can  be  kept  high,  and  attendance  at  sub-station 
made  very  trifling.  This  is  hardly  a  live  subject  in  this 
country  yet,  but  the  economies  of  distribution  on  such  a 
system  can  be  worked  out  on  the  same  lines  as  here  put 
forward  when  occasion  shall  arise  and  the  regulations  to  be 
complied  with  shall  be  known. 

The  principal  figures  in  the  three  schemes  above  worked 
out  are  here  tabulated  for  comparison  : — 


LOW  TENSION.  ^^^»^     I 


I    I  station.        2  Stations.  !     i  Station. 


Distribution  costs,  annual  ...     £2,510 

•266d. 
£9.936 


£i»325       £3449 
£8,751      £10,875 


I 
ioi6d. ;        •885d.         i  102(1.1 


Ditto  per  unit  at  car 
Gengration  &  distribution,  annual 

Ditto  per  unit  at  cars    ... 
First  cost,  cables  and  trani^f or nicrsj  £16,593         £8,788       £14,119 
Miles  of  cables       '     25*64  22*87  '>'90 

Miles  of  trenching  '      12025  ^3'85  9*55 

I 


APPENDIX  No.  I. 
CALCULATION  OF  MOST  ECONOMICAL  CURRENT  DENSITY. 

Rate  of  ohmic  loss,    C^r  watts,  where  C  =  current  in  amperes  and 
r  =  resistance  in  ohms. 

Rate  of  interest    and   depreciation  loss  in  £  sterling   per    annum, 

=  106  ^  '*'  ^  "^  constant,  where   R  =  rate   per  cent,  per  annum   of 

interest  and   depreciation ;  p  =  price  in  £  per  ton  of  copper  in  the 
form  of  cable,   m  ^  tons  of  copper   per  mile  of  conductor  of  one 
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square  inch  cross-section ;  a  =  cross-section  of  conductor  in  square 
inchesi  so  that  m  a  ^  tons  of  copper  per  mile  ;  and  the  constant 
represents  such  costs  of  laying  and  other  expenses  as  are  practically 
dependent  only  upon  the  length  of  cable  laid  and  independent  of 
its  size.  To  add  these  losses  they  must  be  equated  for  definite 
conditions  of  load  and  period  of  use.  For  this  purpose,  assume 
the  period  to  be  one  year  ;   the  load  to  be  steady  and  lasting  for  a 

certain  fraction  of  every  day  =.    ' .    A  certain  cost  per  Board  of  Trade 

24 

unit  delivered  to  the  conductor  ^  n  pence. 

Then  £1  per  annum  is  the  cost  of    ^-^     B  of  T  units  wasted  per 

annum,  and  the  rate  of  waste  in  watts  which  gives  such  a  loss  is 

i-^ — zzf  or -f-^.  Call  this  u\  It  is  the  number  of  watts  which, 
//  n  X  365  //  n 

wasted  during  all  the  working  hours  will  cost  £1  in  d  year, 
p 
Then  —  w  P  m  a  is  the  interest  cost  of  the  cable  expressed  as  a 

100      '  ' 

loss  in  watts  during  working  hours,  and  the  total  rate  of  cost  of  dis- 

tributing  the   current  C  through   the   cable  is  v  =  C^r  +     y-wptna. 

The  resistance  of  the  conductor  obviously  affects  the  value  of 
the  two  quantities  making  up  the  total  loss  in  opposite  ways, 
and  the  problem  is  to  find  the  value  of  r  which  makes  y  least. 
Consider  a  cable  of  one  mile  in  length.  If  the  resistance  of 
one  mile  of  copper  conductor  of  one   square  inch  cross-section  is 

•045  w,    then    a  =  -^^ ,  and    the    second    item    of    the    total    cost 

Rwp  m  .045 
100  r       ' 
Since  this  has  been  equated  to  a  rate  of  loss  in  watts  it  may  be 
written 

^='''''  -_  J! ,  where  t  =  C,r, 


r  f 

Ca  being  such  a  current  as  would  produce  the  required  loss  in  watts  on 
traversing  the  resistance  r.     We  then  get 

y  =  CV  +  '^ ,  whence  j  |;  =  C»  -  J^, 

and  this  is  a  minimum  when 

C'=^orr=;,. 
f  C 

This  is  the  Kelvin  law,  since  when  this  is  the  case  C2  =  C,  and  the 
two  items  of  cost  representing  ohmic  loss  and  interest  are  equal. 
The  most  economical  current  density  therefore  is 

.<^.  =  .i_,whcre/=yiL«>"'045 
a        -045  V  iQo 
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and  the  most  economical  rate  of  voltage  drop  is  /  volts  per  mile. 

If  the  load  is  not  steady  but  varies  in  a  known  way,  then  C»  =  the 
mean  square  of  the  current  in  respect  to  time,  and  C  =  the  square  root 
of  that. 

In  the  expression  for  /»,  ?^^  is  the  annual  cost  of  one  mile  of 

cable  of    one  square    inch   copper   section,  Le.  of  91    tons  copper 
weight. 

Then  ^P^^  '^45  ^.^y  be  written  j^LMJ^  or  -0041  Rpw 
100  ^  100 

and  the  most  economical  current  density  written 

a  ~  045      ^  "       045 
and  a  table  of  such  densities  for  various  values  of  the  product  Rpw 
can  be  readily  formed. 


APPENDIX   No.    II. 

EXAMPLES   AND  TABLES  OF  MOST   ECONOMICAL  CURRENT 

DENSITY. 

Symbols  as  in  Appendix  No.  I. 

—  =    ^   =     /  '0041  R  />  «^ 
a       045     V   ~~"^5 

R  :=  percentage  interest  charge  on  cables. 

p  =  cost  of  one  ton  of  copper  in  form  of  cable. 

w  =  ^^,  where  h  =  equivalent  full  load  hours  of  use  per  day,  and 

n  =  cost  in  pence  of  one  Board  of  Trade  unit. 

For  example,  let        R  =  9         |r.  =  x8oo 

„  =  .8d.     [/'«  =  9-6 
«.  =  ^155=  68-49, 

then  /»=  1800  X  68*49  X  0041  =  505*4, 

C      225 
and  /  =  22*5  =  drop  in   volts  per  mile,  whence  : —  "^^  .^T^  ^  5^ 

amperes  per  square  inch. 

The  equality  of  ohmic  and  interest  losses  is  readily  shown.  One 
mile  of  cable  of  one  square  inch  section  will  cost  ^£200  X  9'i  =  ;£i,820, 
and  the  interest  on  it  at  9  per  cent,  will  be  £164,  while  the  ohmic  loss 
will  be  500  X  225  =  1,125  watts,  worth  also  £164  per  annum  ;  to  the 
nearest  £1  in  each  case. 
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Tables  for  varying  values  of  R  ^  and  w  are  convenient,  in  the 
following  form  : — 


R^=  1,200. 

w 

t  =  drop  per  mile. 

Best  density. 

40 

14    

...    312 

50 

157 

...    362 

60 

172 

R/i  =  1,500. 

...    383 

40 

157 

...    362 

50 

176. 

...    392 

60 

192 

Rp=z  1,800. 

...    427 

40 

17-2 

...    383 

50 

19-2 

...    427 

60 

211 

...     469 

or  a  table  giving  values  of  /  and  best  density  for  values  of  the  product. 
R  p  w  may  be  readily  made  and  used. 


APPENDIX   No.    III. 

CALCULATIONS   FOR   "BOOSTED"   FEEDERS. 

The  only  special  factor  in  these  is  the  correct  value  of  w.  Such 
value  should  take  into  account  the  transformation  loss  in  the  booster, 
and  the  annual  charges  on  that  machine  referred  to  its  output. 

If  n  is  the  cost  of  a  Board  of  Trade  unit  at  the  main  switchboard, 

and  the  efficiency  of  the  booster  at  its  average  working  load  is  -^ 

the  transformed  units  will  cost  -—  «  in  energy  alone. 

Again,  if  the  machine  cost  £a  per  annum  in  interest  and  depreci- 
ation, and  £b  per  annum  for  attention  and  stores  consumed  per  unit 
of  average  working  output,  these  charges  will  add  to  the  cost  of  the 

energy       ^F  i"^"  ^^  pence  per  B.  of  T.  unit,  the  value  of  w  will  then  be 

240,000 


'  (365  ^  X  «  100)  +  240  (a  +  b) 


For  example,  if  a  booster  cost  £1^  per  k.w.  output,  and  12  per  cent, 
is  charged  for  interest,  etc.,  and  if  it  costs  los.  per  annum  for  attention 
and  stores,  these  costs  amount  to  £t2,  or  a  +  ft  =  23,  then  if  the  set 
is  in  service  15  hours  per  day 


(g  +  6)  240      2-3x240  _ 

365/^      "     5475     -"P«"^^- 
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With  «=s75d.  and  efficiency  75  per  cent.,  the  cost  per  unit  trans- 
formed becomes 

(75  X  ^'33)  +  •"      =  rii  pence. 

and  w  = ^^ =  ^o-e. 

I"  X  5475      ^^^ 

The  values  of  w  so  found  should  be  used  in  calculating  the  best 
density  of  current  in  the  "boosted"  feeders. 

It  must  be  noticed  that  where  boosters  are  used,  as  on  trolley 
feeders,  to  keep  the  drop  within  certain  limits,  the  boosters  have  only 
to  supply  the  difference  between  the  permitted  drop  and  that  which 
occurs  in  the  feeders,  and  the  current  density  found  as  here  explained 
is  that  which  should  prevail  in  the  corresponding  distance  beyond  the 
point  at  which  an  unboosted  feeder  will  give  the  limiting  drop.  Hence 
the  total  drop  in  the  boosted  feeder  should  be  the  sum  of  the  limit,  and 
that  in  the  length  beyond  at  the  density  here  found,  and  the  actual 
section  of  the  feeder  should  be  such  as  to  give  that  drop  on  the  actual 
feeder  length.  Thus,  if  the  limiting  drop  is  50  volts,  and  that  is  given 
by  an  unboosted  feeder  3  miles  in  length ;  whilst  a  boosted  feeder  is 
4^  miles  long,  and  should  drop  15  volts  in  the  i^  miles  excess,  the 
proper  uniform  density  in  the  whole  4^  miles  should  be  such  as  to  give 
65  volts  drop.  Unless  supply  is  given  much  beyond  the  limiting  drop 
distance,  the  decrease  in  current  density  as  compared  with  that  found 
for  direct  feeders  will  not  be  large.  In  track  feeders,  however,  the 
"boosted"  density  is  practically  correct,  as  the  permissible  drop  is 
always  much  exceeded. 

The  best  density  for  secondary  feeders  supplied  from  transformcn* 
is  found  in  the  same  way  as  for  track  feeders. 


APPENDIX  No.  IV. 

Calculation  for  Track  Feeder,  East  of  T. 

Rail  resiistance,  -0289  w.  per  mile. 

Drop  allowed,  5  volts. 

Amperes  x  miles  constant  for  5  volts  =173. 

Current  per  car,  15  amperes.    Cars  passing  in  pairs. 

From  T  Eastwards. 

Cars.  Amp.  miles.    Product.  Stun. 

ist  pair       30  X  •3=9 

T  to  F,  5  cars,    \  2nd  pair    30  x  "6  =  18 

•9  miles.       )  I  at  F        15  X  9=  i3'5 

{  on  line  D  F       ...  30  X  "9=  27  67*5 


iistp 
2nd 
I  at 
2  on 
F  to  G  A  cars    f  '^*  P^^       ^O  X  r2I  =  363         103-8 

i^?miler  1  ^"^  P^     30  X  1-83  =  SO        1587 

I  25  mues.       j^ ^  ^^  j.^^  j^  Q  ^^  ^  ^.j^ _ ^.^        2232 
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As  the  sum  is  brought  over  the  constant  by  the  current  flowing  in  at  G 
from  branch  N  G,  G  should  be  a  point  of  change  of  direction.  The 
product  of  amperes  x  miles  on  branch  N  G  is  15  x  I'l  :=*i6'5  ^This 
added  to  the  1587  at  G  =  175*2,  a  little  over  the  limit.  Hence  the 
whole  of  the  30  amperes  from  branch  N  G  should  flow  east,  and  the 
integral  of  ampere  miles  from  G  to  feeding  point  should  be  173  —  16*5 
=  156*5,  to  keep  N  at  5  volts. 

Then  from  G  Eastwards,    Section  G  O,  4  cars. 

I  "5  miles  long.    Current  flowing  east  30  amperes  from  branch  N  G. 

Cars.  Amp.  miles.       Product.  Sum. 

AtG           165 

G  to  ist  pair        ...  30  x  -375  =  11-25  2775 

1st  pair  to  2nd  pair  60  x  75   =  45 'oo  7275 

2nd  pair  to  O       ...  90  x  375  =  33  75  106-50 

H  being  terminus,  and  only  2  cars  between  H  and  O,  it  is  obvious  that 
feeding  point  should  be  west  of  O,  so  sum  westwards  from  H. 

Cars.  Amp.  miles.  Product.  Sum. 

H  to  O  f  '^^  P^'^  *°  ^         -  30  X     85   =  25-5 
17  miles  1  ^  *°  ^^^  P^^^  G  O  30  X    -375  =  11-25        3^75 
*  (  2nd  to  ist  pair  G  O  60  X    -75    =  45*00        8100 

Feeding  point  will  thus  be  between  the  ist  and  2nd  pair  of  cars  east  of 
G.  It  should  be  exactly  825  miles  east  of  G.  The  product  from  this 
point  will  be  54*75  to  the  terminus  H  and  to  N,  corresponding  to  1*58 
volts  drop.     Hence  the  feeding  point  may  be  3  42  volts  above  earth. 

The  track  feeder  will  have  to  carry  back  120  amperes,  and  be  2,975 
miles  long.  Section  should  be  -39  sq.  in.,  and  the  drop  in  it  will  be  15*06 
X  2*975  =  45  volts.  But  as  its  end  may  be  3-42  volts  above  earth,  the 
booster  will  have  to  give  only  41*58  volts,  and  have  an  output  of  41*58 
X  1 20  =  5,000  watts  say. 

Track  Feeder  No.  2. 

From  T  Westwards. 

It  is^  obvious  to  inspection  that  some  current  should  return  via  D  and 
some  viii  J.  The  dividing  points  should  be  those  at  equal  distance  from 
T  by  each  route. 

On  the  branch  D  J  this  point  is  practically  at  the  centre  of  its 
length,  hence  half  the  total  current  is  taken  as  flowing  each  way. 

On  the  circuit  T  D  C  I  J  T  it  is  very  close  to  the  junction  I.  Hence 
the  current  returning  by  J  will  be  half  that  on  the  branch  D  J,  and  the 
whole  of  that  on  branches  from  J  to  I,  K  and  L  respectively,  making 
altogether  8*5  x  15  =  127*5  amperes,  which  gives  at  once  the  section  of 
the  track  feeder  from  T  to  J.  It  also  follows  that  the  potentials  of 
points  D  and  J  should  be  kept  equal.    Find  feeding  points,  etc.,  as  before. 

T  to  D>  7  cars  235  miles.  Branch  C  M,  4  cars  =  60  amperes  at  -35 
miles  from  T. 

Assume  i  car  at  D,  the  other  6  in  pairs  at  -59,  1*18  and  1-77  miles 
respectively  from  T. 
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Current  Eastwards  towards  T. 

Cars.  Amp.  miles.      Product.        Sum. 

•TtoC         60  X    •35  =  21-00 

T  to  I  St  pair  ...  30  x    '59=  1770        387 

T  to  2nd  pair         ...  30  X  ii8  =  35-4o        741 

T  to  3rd  pair  ...30x177  =  53-10  127-2 

T  to  D         15  x  235  =  3525  162-45  =  47  V. 

T  to  O,  part  current )        y  2-ic  —  lo-c        177 
from  branch  D  J  f '^'^  ^  ^ 35 -  105        173 

giving  5  volts  at  D. 


Current  Westwards  from  D. 

D  to  C,  1*65  miles,  6  cars,  passing  at  -41,  -82,  1*23  miles  from  D,  33 
amperes  from  branch  D  J  also — 


Care. 

Amp.  miles.        Product. 

Som. 

D  to  ist  pair 

..    33  X  -41  =  1353 

I  St  to  2nd  pair 

,..    63  X -41  =  2583 

2nd  to  3rd  pair     . 

..    93  X  -41  =  38-13 

3rd  to  C     ... 

..  123  X  -41  =50-43 

127-92  at  C 

Count  back  from  A  to  find  equal  point. 

A  to  B,  2  miles,  3  cars,  assume  i  at  A,  2  in  middle. 

Current  Eastwards  from  A. 

Care.  Amp.  miles.    Product.  Sum. 

A  to  ist  pair     ...        15  x  i  =  15 

ist  pair  to  B     ...        45  x  i  =  45  60 

B  to  C,  I'l  miles,  2  cars,  assume  in  middle,  current  of  one  car  from 
branch  B  J.     Continue  summing  from  A. 

Care.  Amp.  miles.      Product.  Sum. 

B  to  middle        ...      60  x  -55  =  33 

Middle  to  C        ...      90  x  -55  =  49-5       142-5  at  C 

This  indicates  feeding-point  a  little  west  of  C,  but  as  60  amperes 
more  enter  from  branches  north  and  south  of  C,  and  C  is  the  meeting 
place  of  four  tracks,  it  is  clearly  the  proper  place  for  the  feeder  to  tap 
the  rails.  If  this  point  be  kept  at  earth  potential,  A,  the  point  farthest 
from  T  will  be  at  4*1  volts  above  earth. 

The  feeder  will  be  4  miles  long,  have  to  carry  273  amperes  back, 
have  a  section  of  "89  sq.  in.,  will  drop  4  x  i5'o6  =  60-24  volts,  and  booster 
must  give  273  x  60*24=  ^^»445»  say  17,000  watts. 

Track  Feeder  No.  3. 

Inspection  of  the  diagram  suffices  to  show  that  J  must  be  the  feeding 
point  for  this.  The  greatest  drop  thence  will  be  on  branch  J  K,  2*2  miles 
long  with  2  cars.  Assume  one  at  K  and  one  half  way,  then  ampere 
miles  K  J  will  bd  41-25  or  1-2  volts.  J  must  then  not  be  more  than  3-8 
volts  above  earth.    This  is  lower  than  D,  so  that  more  than  the  half 
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current  on  line  J  D  will  return  by  the  feeder  via  J.  Per  contra  part  of 
the  current  from  branch  I  J  will  go  via  I  C.  The  assumed  distribution 
could  be  obtained  by  splitting  the  feeder  at  J,  and  connecting  the 
branches  at  proper  points  on  the  three  lines  J  L,  J  K,  J  I. 

No  practical  advantage  would  result,  as  in  working  the  load  on  each 
feeder  is  regulated  to  keep  the  pilot  wire  indications  within  proper 
limits,  by  control  of  the  booster  E.M.F.,  and  it  is  quite  certain  that  the 
actual  load  and  its  distribution  will  vary  widely  and  rapidly  in  any 
given  case  from  any  assumed  distribution,  consequently  in  a  network 
requiring  a  number  of  track  feeders  it  is  sufficient  to  ensure  that  they 
shall  be  provided  of  needful  section  and  number  to  enable  the  P.D.  on 
the  rails  to  be  kept  within  limit,  and  refined  iavestigation  of  the  current 
distribution  is  likely  to  be  labour  lost. 

Hence  No.  3  feeder  may  be  safely  taken  as  tapping  rails  at  J.  It 
will  be  2*15  miles  long,  carry  127-5  amperes,  have  a  section  of  '415  sq.  in., 
drop  32*4  volts,  and  require  a  booster  to  give  324  x  127*5  =  4,130,  say 
4,200  watts. 

The  President  :  The  subject  of  the  paper  is  now  open 
for  discussion. 

Professor  A.  Jamiesox  :  I  am  sorry  that  I  only  got  a  copy  of  Mr.  Professor 
Sayers'  paper  upon  entering  this  room,  and  therefore,  feel  that  I  cannot  J*""^°°- 
thoroughly  discuss  it  at  so  short  a  notice.  I  certainly  think  that  it 
contains  a  great  deal  of  sound,  useful  matter  put  before  us  in  a  very 
practical  and  interesting  form,  but  it  requires  careful  study  at  home 
before  definite  opinions  can  be  expressed  upon  it.  I  may,  however, 
say,  that  in  connection  with  my  recent  trip  to  Cape  Town,  and  the 
investigations  which  I  had  to  make  in  regard  to  the  action  of  electric 
tramway  currents  upon  submarine  cables  and  other  electric  circuits,  I 
found  a  maximum  drop  of  voltage  on  one  section  in  the  return  current 
along  the  rails  to  the  power-house  of  five  volts  per  mile.  This  large 
drop  in  voltage  of  the  current  returning  to  the  power-house,  had  no 
doubt  a  great  deal  to  do  with  the  interferences  on  the  submarine  cable 
receiving  signals,  as  well  as  local  electrolytic  action,  and  I  proposed 
the  introduction  of  negative  or  sucking  boosters  to  reduce  the  potential 
of  the  rails  to  zero  or  a  little  below  it  at  several  places,  as  well  as  twin 
twisted  cores  for  the  submarine  cable  shore  ends  and  other  electric 
circuits  which  ran  parallel  and  near  to  the  tramway  lines.  These  two 
modifications  have  overcome  all  difficulties.  Upon  my  return  to 
Glasgow  I  shall  read  Mr.  Sayers*  paper  and  the  discussion  thereon  with 
interest,  pleasure,  and  benefit. 

Mr.  A.  M.  Taylor  :  Multiphase  working,  to  which  the  author  refers  M-.  Taylor, 
in  the  last  section  of  his  eminently  practical  paper,  is  an  especially 
interesting  subject  from  the  point  of  view  that  we  shall  have,  in  the 
immediate  future,  to  consider  whether  light  railways  as  well  as  tram- 
ways can  be  worked  economically  by  the  multiphase  system.  (By 
the  term  "light  railways"  I  refer  more  particularly  to  lines  without 
ramifications,  connecting  populous  centres  to  one  another  or  to  trunk 
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Mr.  Taylor.  Hnes  of  railway,  and  which  may  have  to  traverse  considerable  distances 
where  the  population  is  very  sparse.) 

On  the  last  page  of  the  paper  the  distribution  costs  for  the  high- 
tension  system  are  given  as  •352d.  per  unit  delivered  at  the  car.  As  the 
advocates  of  multiphase  transmission  will  probably  try  to  reduce  that, 
I  have  calculated  incidentally  how  much  it  may  be  possible  to  do  so. 
Some  may  claim  that  reduction  could  be  made  in  the  losses  in  the 
motor-generators ;  but  even  supposing  that,  for  the  sake  of  argument, 
we  take  an  efficiency  of  92^  per  cent,  (which  would  be  an  extremely 
high  value,  and  could  only  hold  where  static  transformers  and  rotary 
converters  were  employed,  and  hardly  then)  this  item  would  only  be 
changed  from  *352d.  to  'igid.,  which  is  of  the  order  of  the  third  of  a 
penny  on  every  unit  turned  out  by  the  sub-stations.  If,  now,  we  take  a 
long  straight  line  and  consider  what  we  could  do  in  that  case  with  a 
comparatively  infrequent  service,  the  conditions  are  quite  different. 

Mr.  Sayers  has  favoured  the  multiphase  system,  I  consider,  in  the 
small  allowance  he  has  put  in  for  attendance  at  the  sub-stations,  viz., 
3s.  per  week  per  set,  or  9s.  per  week  per  sub-station.  It  seems  to  me 
rather  low,  and  I  do  not  know  how  he  is  going  to  manage  it;  but 
perhaps  he  can  tell  us  a  little  more  about  that.  This  item  is  distinctly 
in  favour  of  the  multiphase  system.  On  the  other  hand,  he  has  taken, 
as  I  have  already  said,  a  rather  high  value  for  the  losses  in  the  motor- 
generators.  The  result  given  in  the  paper  for  the  cost  of  distribution 
is  •352d.  per  unit  delivered  to  the  cars.  The  limiting  values  are,  under 
the  most  favourable  conditions,  for  multiphase  working  about  o*292d., 
and  under  the  least  favourable  conditions  about  o'378d.,  for  the  size 
of  system  considered. 

Now  with  regard  to  the  question  of  a  long,  straight  track ;  take  a 
sub-station  working  three  miles  on  either  side  of  it,  or  six  miles  in  all, 
and  an  infrequent  service,  say  a  half-hour  service,  as  you  might  have 
on  a  light  railway  joining  two  towns  with  sparsely  populated  districts 
between,  and  you  would  have  20,000  motor-car  miles  per  annum  for 
every  mile  of  line,  or  120,000  motor-car  miles  per  annum  for  the  six 
miles.  The  resulting  cost  of  distribution  comes  to  o'56d.,  or,  if  you 
take  a  20-minute  service,  to  o*44d.,  for  every  unit  delivered  to  the  cars. 
Whether  that  is  a  practicable  amount  to  have  to  pay  as  an  extra  item 
for  the  cost  of  distribution  is,  of  course,  questionable. 

There  are  two  statements  in  the  early  part  of  the  paper  which  it  is 
rather  important  to  note  ;  namely,  that  the  distance  to  which  we  can 
distribute  economically  is  not  limited  by  the  density  of  the  traffic  ;  also 
that  the  cheaper  the  cost  of  power,  the  shorter  the  range  of  economical 
distribution.  On  the  first  question  it  seemed  a  little  strange  that  it 
should  be  so,  and  one  thought  of  the  gradients  and  how  they  would 
affect  this  distance.  But,  as  I  understand  the  paper,  it  seems  that  these 
do  not  affect  the  limit  at  all.  The  reason  of  the  second  statement  is 
that  Mr.  Sayers'  formula  leads  him  direct  to  a  particular  current  density 
for  each  case,  which  is  higher  as  the  cost  of  power  is  cheaper.  Hence, 
having  fixed  his  drop  at  50  volts  for  every  case,  as  a  limit ;  that  limit  is 
reached  at  a  less  distance  when  the  den.sity  is  higher,  i.e,,  when  the 
-— ^  gost  of  power  is  cheaper. 
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Lastly,  as  regards  boosters,  there  is  a  little  difficulty.  I  cannot  quite  ***"•  Taylor, 
understand  Mr.  Sayers*  figures.  He  deals  with  the  positive  and  negative 
feeders  in  some  detail.  It  would  appear  that  he  proposes  to  let  3*16 
miles  go  unboosted,  and  then  to  run  the  booster  to  supply  the  part 
which  is  beyond  that,  and  he  is  only  going  to  boost  for  the  voltage  that 
is  beyond  that  (3*i6-niile)  limit.  I  think  he  will  see,  on  reflection,  that 
he  must  boost  for  double  the  number  of  volts  that  he  proposes  on  page 
706,  as  (the  50- volt  limit  of  drop  having  been  reached  at  3*16  miles)  the 
drop  in  the  trolley  wires,  or  distributors,  working  back  from  the  point 
of  connection  of  the  feeder,  must  be  taken  account  of  as  well  as  the 
drop  in  the  feeder  itself. 

Mr.  Eustace  Thomas  :  I  have  been  very  interested  in  Mr.  Sayers'  *'/■•  ^^ 
paper,  the  keynote  of  which  is  economical  distribution.  Probably  the 
greater  number  of  the  systems  which  have  been  laid  out  have  been 
based  upon  obtaining  the  cheapest  system  of  cables  rather  than  the 
most  economical  system,  the  limit  in  the  reduction  of  the  size  of  the 
cable  having  been  considered  from  the  point  of  view  of  current  density 
and  voltage  regulation.  Mr.  Sayers  has  applied  for  this  purpose  Lord 
Kelvin's  law,  making  the  assumption  that  the  cost  of  the  cable  would 
be  proportional  to  the  area  of  cross-section  of  the  copper. 

Some  time  back  I  worked  out  a  method  of  applying  Lord  Kelvin's 
law  which  took  into  account  the  variation  in  cost  of  insulation,  while  at 
the  same  time  the  calculations  could  be  carried  out  in  an  exceedingly' 
quick  manner  and  were  reduced  directly  to  the  cable-maker's  price 
list. 

The  general  principle  of  this  method  Of  calculation  is  as  follows  : — 

Suppose  that  a  cable  having  a  resistance  of  R,  ohms  per  mile  is 
considered  ;  the  cost  of  the  energy  which  will  be  wasted  per  year  will 
be  proportional  to  the  resistance  R,  and  also  to  the  length  of  the  line, 
to  the  square  of  the  current  transmitted,  to  the  number  of  hours  of 
work,  and  to  the  cost  of  producing  an  extra  unit  of  energy. 

All  of  these  except  the  resistance  per  mile  will  be  unaffected  by  any 
variation  in  the  size  of  the  cable.  We  may  therefore  say  that  the  cost 
of  energy  per  year  with  this  cable  will  be  R,  x  K„  where  K,  is  some 
constant. 

If  now  we  select  the  next  size  larger  cable  from  the  price  list, 
having  a  resistance  of  R^  ohms  per  mile,  the  cost  of  energy  would  in 
the  same  manner  be  Ra  X  K,.  There  would  thus  be  an  annual  saving 
amounting  to — 

(R.  -  Ra)  K,. 

On  the  other  h  md  the  larger  cable  would  cost  more  for  interest, 
maintenance,  and  depreciation.  If  P,  is  the  cost  per  mile  of  the  first 
cable  and  P,  of  the  second,  then  the  interest,  maintenance,  and 
depreciation  on  the  first  cable  will  be  proportional  to  P„  and  on  the 
second  to  P3.  There  will  thus  be  an  increase  in  the  annual  charges 
due  to  interest,  maintenance,  and  depreciation  amounting  to — 

(P,-POKa, 

where  K,  is  a  constant  involving  the  length  of   the   cable  and  the 
rate  of  charges  for  interest,  etc. 
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Mr. 

Thomas. 


The  two  cables  would  be  equally  economical,  and  would  be  better 
ttian  any  others  which  could  be  chosen,  if  the  saving  due  to  the  one 
cause  were  equal  to  the  extra  expense  due  to  the  other  ;  that  is,  if — 

(R,  -  R,)  K,  =  (P,  -  P.)  K„ 

of  these  quantities  R„  R,,  P„  and  Pa  depend  alone  on  the  size  of  cable 
selected,  while  K,  and  K,  depend  entirely  upon  the  conditions  in  the 
station.     Hence,  we  may  say  that  the  condition  for  greatest  economy 

Rx  —  Ka'  Ka 

of  which  the  left-hand  side  depends  only  upon  the  size  of  cable 
selected,  while  the  right-hand  side  is  independent  of  the  size  of  cable 
and  depends  upon  the  cost  of  energy,  rate  of  interest,  length  of  the 
line,  etc. 

The  exact  value  for  ~  is  as  follows  : — 

Ka 

-^  =  the  current  squared  multiplied  by  number  of  hours  working  per 
Ka 

annum  multiplied  by  the  cost  of  an  extra  unit  of  energy  in  £  divided  by 

the  rate  of  interest,  maiittcnancCy  and  depreciation  and  by  i,ooo.    (A  rate 

of  interest  =  'i  would  correspond  to  a  lo  per  cent,  charge.) 

In  the  following  table  the  values  of  ^ — ^  have  been  worked  out. 

Ki  —  Ka 

It  should  be  noted,  however,  that  these  values  are  rather  old  and  wll 

of  course  depend  upon  the  class  of  cable  used. 


Size. 

t 

p 

if^t 

19/16 

19/14 

1      19/13 
19/12 

7043 
•5565 
•4507 
•3409 
•2666 

270 

330 

396 
520 
660 

406 

624 

1 130 

1885 

A  similar  column  can  be  added  to  price  lists  of  all  other  types  of 
cable  employed. 

An  illustration  of  the  calculations  may  be  of  interest.  Suppose  a 
cable  is  required  to  carry  an  average  of  70  amperes  17  hours  per  day, 
while  the  cost  of  any  extra  Board  of  Trade  unit  is  Jd.,  and  the  rate  of 
interest,  maintenance,  and  depreciation  may  be  considered  as  'i  (10 
per  cent.) — 


rex  365  X  i7X^^£ 

0*1    X    lOOQ 


:6l6 
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It  will  be  seen  that  either  a  19/15  or  a  19/14  cable  would  be  about  Thomas, 
equally  economical,  and  either  may  be  selected  as  other  conditions 
may  decide.  I  may  say  that  in  my  own  experience  it  has  seldom  been 
possible  to  employ  this  or  any  other  rule  for  the  best  economy  through- 
out the  whole  of  the  feeder,  owing  to  some  being  long  while  others  are 
short. 

In  Mr.  Sayers'  lay-out  for  the  one  continuous-current  station  it  will 
be  found  that  the  current  density  assumed  for  the  shortest  cable  would 
cause  the  trolley  wire  at  the  point  where  this  taps  in  to  be  commonly 
thirty  volts  higher  in  potential  than  at  the  points  where  the  longer 
feeders  are  tapped  in.  This  would  have  the  effect  of  entirely  dis- 
turbing the  distribution  which  Mr.  Sayers  has  assumed,  and  would 
render  ij  necessary  to  work  at  different  current-densities  if  the  most 
equal  distribution  of  potential  on  the  trolley  wire  were  desired.  By 
somewhat  modifying  the  feeders  with  a  sectioned  line,  of  course  the 
distribution  can  be  made  anything  that  is  desired. 

I  would  like  to  emphasise  very  strongly  a  point  which  has  been 
referred  to  by^  Mr.  Sayers,  but  which  does  not  seem  to  have  been 
sufficiently  appreciated  in  the  discussion,  namely,  that  the  most 
economical  distribution  does  not  necessarily  correspond  to  the  most 
economical  system  considered  as  a  whole.  It  might  therefore  be  an 
advantage  to  employ  the  single  generating  station  of  Mr.  Sayers'  first 
scheme  in  place  of  the  two  generating  stations  of  his  second. 

I  am  glad  to  see  that  Mr.  Sayers  approaches  the  question  of  one  or 
two  direct-current  stations  or  a  multiphase  distribution  with  an  entirely 
open  mind.  There  is  too  much  tendency  at  the  present  time  to  speak 
of  an  engineer  as  a  "  multiphase  "  or  a  "  continuous-current "  man.  No 
engineer  who  is  fit  to  decide  upon  the  lay-out  of  a  tramway  station  can 
afford  to  be  designated  in  this  way.  He  must  be  prepared  to  examine 
into  the  merits  of  every  system  and  to  employ  in  different  cases  en- 
tirely different  arrangements.  To  tie  oneself  to  one  system  argues,  as  a 
rule,  a  lack  of  experience.    - 

Mr.  Bernard  M.  Jenkin  :  I  should  like  to  point  out  that  this  paper  Mr.  jaikin. 
should  not  be  taken  in  any  way  as  comparing  the  relative  merits  of  one 
station  and  two  stations,  or  as  comparing  the  continuous  with  the  multi- 
phase system.  It  is  extremely  interesting  as  a  calculation  of  a  particular 
case,  but  one  cannot  generalise  in  any  way  from  it.  I  think  that  should 
be  borne  in  mind  very  carefully.  Again,  I  think  Mr.  Sayers  says  that 
feeders  should  be  run  to  separate  sections.  This  is  a  matter  upon  • 
which  it  would  be  interesting  if  he  would  say  a  little  more.  It  appears 
to  me  that  it  must  depend  almost  entirely  upon  the  number  of  cars 
running  on  the  line  and  upon  the  nature  of  the  line.  Very  likely  the 
copper  might  be  used  very  much  more  economically  if  you  connected 
your'^feedcr  at  a  number  of  places  with  your  trolley  wire.  Otherwise 
you  might  have  sections  lying  idle  without  any  car  connected  or  any 
current  upon  them,  and  those  feeders  would  be  lying  idle,  whereas  if 
the  feeders  are  connected  in  parallel  and  also  connected  to  the  trolley 
wire  the  whole  of  the  copper  would  always  be  employed. 

Mr.  E.  K.  Scott  :  I  think  the  multiphase  system  would  have  looked  Mr.  Scott. 
very  much  better  if  Mr.  Sayers  had  taken,  instead  of  the  primary  voltage 
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Mr.  Scott.  of  2,5cx),  about  double  that  pressure.  Generating  -at  5,000  volts  or 
higher  would  make  a  considerable  difference  to  the  first  two  items  in 
the  "distribution  costs"  table  (page  720).  If  the  distribution  area  is 
such  that  a  pressure  of  only  2,500  will  meet  the  case,  then  I  think  the 
continuous-current  transformer  system  might  very  well  be  employed. 

It  is  very  interesting  to  notice  in  the  table  (page  720)  that  the  cost 
of  the  motor  generators  is  taken  as  ;^i5  per  kilowatt,  and  a  little  lower 
down  the  attendance,  and  oil  brushes  and  sundries  of  these  motor 
generators  is  calculated  at  j£ii7  and  £yj  per  annum  respectively. 
Now  compare  this  with  multiphase  traction — that  is,  with  three-phase 
motors  on  the  cars.  First  of  all  the  transforming  plant  with  its  switch- 
gear  is  reduced  from  £1^  per  k.w.  to  less  than  £^  per  k.w.,  and  the  12^ 
per  cent,  for  interest,  depreciation,  and  repairs  on  ^£2,820  instead  of 
;£io,575  makes  an  enormous  difference  ;  then  again  with  static  trans- 
formers the  two  items  for  attendance  and  oil  brushes  and  sundries  are 
practically  wiped  out,  whilst  the  efficiency  of  the  transformation  is  very 
considerably  increased.  It  will  thus  be  seen  that  the  distribution  cost 
per  unit  delivered  to  the  cars  comes  down  from  •352d.  to  about  •2d. 
Of  course,  the  higher  the  primary  voltage  and  the  greater  the  distribu- 
tion area,  the  better  does  the  case  for  multiphase  traction  appear. 

Mr.  Mr.  J.  Swinburne  :  I  have  always  some  fear  in  hearing  a  paper  like 

this  that  we  are  departing  from  accuracy  with  a  view  to  getting  sim- 
plicity of  calculation.  I  am  merely  repeating  what  I  said  at  our  last 
meeting  on  another  subject.  Kelvin's  law  is  Kelvin's  law  as  long  as  it  is 
simple,  but  as  soon  as  you  deal  with  the  real  circumstances  there  are 
all  sorts  of  questions  involved.  The  first  and  most  obvious  difficulty  in 
applying  anything  like  Kelvin's  law  is  the  question  of  insulation.  Of 
course  the  cost  of  insulation  does  not  vary  as  the  cost  of  copper,  and  it 
goes  up  with  the  pressure,  and  that  introduces  one  large  departure. 
The  next  element  of  cost  that  I  do  not  think  tramway  people  ever  con- 
sider nearly  enough  is  the  eating  of  pipes.  Of  course,  generally,  the 
pipes  are  not  ours,  and  the  cost  need  not  be  included.  I  suppose 
Tramway  Companies  fully  understand  the  advantages  of  the  English 
law  on  the  question  of  eating  pipes.  The  law,  as  far  as  I  understand  it, 
is  this  :  if  you  are  a  private  individual  and  eat  anybody  else's  pipes 
you  are  liable  for  damages ;  but  if  you  are  a  public  company  or  under 
an  Act  of  Parliament,  then  you  can  eat  pipes  as  much  as  you  like, 
provided  you  take  ordinary  precautions  and  do  not  eat  more  pipes  than 
you  can  help.  The  Board  of  Trade  is  supposed  to  keep  down  the  con- 
sumption of  pipes,  and  generally,  if  you  follow  Board  of  Trade  rules,  as 
you  have  to,  you  are  supposed  to  get  off  scot  free.  But  seriously,  I 
think  this  question  of  the  corrosion  of  pipes  is  going  to  be  one  of  the 
greatest  difficulties  we  have  to  deal  with  in  electric  traction.  I  am 
going  to  depart  from  Mr.  Sayers'  paper  a  little  and  point  out  one  method 
which  I  do  not  think  has  been  sufficiently  considered  in  this  country, 
and  that  is  the  three-wire  system.  The  ordinary  three-wire  system  is 
applied  in  almost  every  case  except  electric  traction.  The  Board  of 
Trade  rules  at  present  do  not  fit  this  system  at  all.  I  do  not  think  the 
three-wire  system  is  contemplated.  It  has  been  discussed  before  this 
Institution  once  or  twice,  and  there  is  no  novelty  in  it.     It  is  simply  put 
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on  one  side  without  being  considered  at  all.     I  believe  the  real  reason  llJrinburne. 
is  that  some  American  has  said  they  did  not  use  the  three-wire  system 
in  America,  and  since  then  nobody  has  ever  thought  of  applying  it. 

The  ordinary  objection  is  that  whilst  in  electric  lighting  you  can 
generally  balance  your  load  fairly  well,  in  traction  the  difficulty  is  very 
much  greater,  and  is  accentuated  in  tramway  practice  because  you 
generally  begin  on  a  comparatively  small  scale,  and  you  may  have  a  lot 
of  cars  on  one  side  of  the  road  and  none  on  the  other.  If  you  have  a 
block,  all  the  cars  will  collect  on  one  side  and  you  may  have  a  very 
serious  disturbance  of  balance.  What  I  wish  to  point  out  is  that 
the  booster  system  is  perfectly  applicable  to  the  three  wires.  The 
booster,  if  you  think  of  it  without  preconceived  ideas,  is  simply  a  series- 
machine  excited  in  such  a  way  that  it  will  just  excite  itself  on  short 
circuit  through  its  feeder  at  the  distant  point  on  the  neutral  conductor. 
The  result  is  that  a  machine  of  that  sort  simply  assists  in  preserving 
zero  potential.  A  comparatively  small  booster  on  the  three-wire 
system  will  do  all  that  you  want.  The  bigger  your  three-wire  system, 
the  easier  it  is  to  manage  ;  whereas  on  the  other  system  the  bigger  the 
system,  the  worse  it  is  to  manage.  I  cannot  help  thinking  that, 
especially  for  very  large  districts  and  for  large  towns,  the  three-wire 
system  with  a  booster  on  the  middle  return  is  very  well  worth  con- 
sideration. 

Mr.  P.  V.  McMahox  :  On  the  three-wire  system  of  the  City  and  Mr. 
South  London  Railway  we  do  not  use  boosters  on  the  railway,  but 
balancers. 

Mr.  Swinburne  :  You  are  speaking  of  electric  railways,  I  think,  Mr. 
where  you  can  control  the  two  sides  to  some  extent.  I  was  talking 
of  electric  tramways  where  you  have  the  electrolysis  of  pipes  and  an 
earth  return,  and  where  your  system  is  a  complicated  net,  not  a  mere 
line.  Do  you  think  the  three-wire  booster  system  can  be  applied 
to  electric  tramways  ? 

Mr.  McMahon  :  In  an  electric  railway  we  sometimes  get  very  much   }i^\,^ 
out  of  balance  also.     I  have  not  seen  the  use  of  this  system  suggested 
before  for  tramways,  but  I  do  not  see  why  it  should  not  apply  very  well. 

Mr.  R.  C.  QuiN  :  I  have  only  glanced  at  the  paper  since  I  came  into  Mr.  guin. 
the  room,  but  I  may  say  that  I  agree  in  general  with  all  that  Mr.  Sayers 
has  said,  but  there  are  one  or  two  points  on  which  I  differ  from  him. 
The  first  one  refers  to  the  allowance  for  depreciation  and  maintenance 
of  pipes  and  conduits  being  a  good  deal  lower  in  the  cable,  and  the 
statement  that  economy  may  be  best  studied  by  using  the  drawing-in 
system.  With  that  I  entirely  disagree.  I  have  used  both  systems,  and 
ray  conclusion  is  that  if  you  lay  cables  on  the  drawing-in  system  you 
will  probably  have  to  draw  them  out,  and  it  is  cheaper  initially  to  lay 
cables  down  on  a  solid  system  than  on  the  drawing-in  system.  I  do 
not  quite  understand  the  tenor  of  Mr.  Sayers'  remark  about  the  paving 
between  the  lines  in  municipal  roadways.  Does  Mr.  Sayers  inJfcr  we 
should  have  no  paving,  or  that  it  should  be  other  than  granite  sets  ? 
Granite  sets  are  not  invariably  used,  but  municipalities  should  insist 
upon  some  special  paving  between  the  tram  lines,  because  the  lines 
are  placed  on  the  crown  of  roads.     The  crown  of  the  road  always  ^^"^ 
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Mr.  Quin.  wears  away  more  quickly  than  the  sides  even  on  roads  having  no  tram- 
ways, but  when  there  is  a  tramway  there  it  will  wear  out  twice  as 
quickly  as  it  would  if  the  tramway  were  not  there.  Every  cart  that 
goes  along  will  take  to  the  tramlines,  and  you  have  to  provide  for  that 
traffic  and  for  the  horses  pulling  those  vehicles,  if  you  have  not  to 
provide  for  the  horses  pulling  the  tramcars.  Personally,  I  very  much 
prefer  granite  sets.  ,  If  you  provide  the  general  traffic  with  wood  pave- 
ment, as  my  Corporation  are  in  the  habit  of  doing,  you  get  about  20 
per  cent,  or  30  per  cent,  more  traffic  on  the  tramlines  than  you  other- 
wise would.    They  do  not  like  granite  sets  :  I  do. 

There  is  another  question  to  be  considered  other  than  the  economical 
distribution  of  current  in  tramway  systems,  and  that  is  the  question  of 
reliability.  With  all  transformer  systems  we  have  an  element  of 
unreliability.  We  have  something  which  is  liable  to  break  down,  and  I 
think  that  the  valu&  to  be  placed  on  reliability  will  be  much  more  than 
a  few  pounds  of  copper. 

Webber.  General  C.  E.  Webber  :  It  occurred  to  me  with  regard  to  the  last 

speaker  when  he  said  that  he  was  quite  certain  that  the  drawing-in 
system  is  a  bad  system,  that  his  experience  in  the  construction  of 
underground  electric  lines  must  be  very  small.  I  have  observed  a 
good  deal  of  tramway  traction  work  lately,  and  it  seems  to  me  that 
both  as  regards  the  laying  of  cables  and  the  erection  of  poles,  some 
of  the  tramway  engineers  have  much  to  learn  from  those  who  preceded 
them  twenty  or  thirty  years  ago  in  telegraph  work.  The  large  quantity 
of  telegraph  cables  which,  in  the  sixties,  were  laid  down,  fixed  in  the 
ground,  had  to  be  taken  up  within  a  very  few  years,  and  drawing-in 
systems  were  universally  adopted.  The  last  speaker  says  he  does  not 
believe  in  the  drawing-in  systems,  but  I  should  have  been  very  glad  if 
he  had  given  us  his  reasons.  I  think  myself  he  might  have  given  us 
one  reason,  namely,  that  a  cable  above  a  certain  size,  if  it  is  insulated 
with  lead  enclosing  paper  insulation,  is  not  conveniently  or  safely 
drawn  in  or  out.  Possibly  then  the  best  system  is  to  lay  the  cable  in 
wooden  tarred  troughs  run  in  with  bitumen. ' 

The  other  day,  in  a  town  not  200  miles  from  London,  I  was  watch- 
ing the  erection  of  iron  standards  for  the  trolley  wires.  Although  the 
strain  on  a  trolley-wire  pole  jind  that  on  a  telegraph  pole  are  distinctly 
different  in  their  characteristics,  I  think  any  one  who  has  studied  the 
strains  in  the  two  cases  will  at  any  rate  erect  their  poles  in  such  a 
way  that  they  will  not  be  likely  to  loosen  themselves  in  the  soil.  In 
the  example  I  mention  I  watched  carefully  a  number  of  poles  being 
erected,  and,  anything  more  crude,  anything  showing  greater  ignorance 
as  to  the  conditions  of  placing  a  pole  in  the  ground,  I  regret  to  say  I 
have  never  seen  before.  If  the  young  engineers  who  are  growing  up 
under  the  auspices  of  the  Institution  would  study  the  question  of  the 
strain  on  poles  placed  in  the  ground,  and  the  conditions  and  the 
manner  of  fixing  the  poles  so  as  to  resist  those  strains  below  the 
surface,  they  would  find  it  a  very  interesting  subject.    If  they  were  to 

^Sinu  the  meeting  Mr.  Sayers  has  told  me  that  he  has  adopted  the 
*^ drawing-in"  system  with  the  largest  lead-covered  cables. 


Digitized  by  VjOOQ IC 


1900.]  DISCUSSION.  ♦  737 

look  at  the  paper  (see  Journal  of  Society  of  Telegraph  Engineers,  vol.  ii.,  ^?5Sm. 
i^73>  P-  40)  by  Lieutenant  (now  Colonel)  Jekyll,  R.E%,  which  was 
published  in  the  year  1873,  on  the  question  of  strains  on  telegraph 
poles,  although,  as  I  have  said,  the  conditions  are  very  different,  they 
would  see  there  many  suggestions  which  would  be  very  useful  and 
help  them  to  consider  how  they  should  fix  their  trolley-wire  poles. 

Mr.  Reginald  Wood  [communicated]  :  Mr.  Sayers  is  to  be  congratu-  Mr.  wood, 
lated  on  his  paper,  and  we  are  the  richer  by  his  observations.  I  propose 
to  refer  to  only  one  point.  Mr.  Sayers  states  that  in  designing  a  feeder 
for  use  with  a  booster,  it  is  necessary  in  making  the  calculation  to  debit 
the  cost  of  the  unit  used  in  the  feeder  with  the  extra  cost  occasioned  by 
the  booster.  Those  interested  in  electric  traction  are  apparently  so 
accustomed  to  regard  the  booster  as  a  convenient  means  for  lessening 
the  fall  of  pressure  over  the  track,  that  they  forget,  or  do  not  appear  to 
notice,  that  the  booster  cheapens  transmission.  In  any  extended  system 
the  booster  cheapens  generation.  It  is  therefore  quite  wrong  to  assume 
that  the  unit  lost  in  a  booster  feeder  costs  more  than  the  unit  lost  in  an 
unboosted  feeder.  The  mistake  arises  by  comparing  home  feeding 
direct  with  distant  feeding  by  booster.  The  true  comparison  should  be 
between  direct  and  boosted  feeding  for  the  same  feeding  points.  In 
reading  Mr.  Sayers'  paper  one  would  conclude  that  by  using  unboosted 
feeders  near  home  one  was  effecting  an  economy.  The  most  eco- 
nomical method  known  is  to  use  boosters  in  all  feeders,  providing  the 
"  boosters"  are  of  proper  design,  and  of  course  providing  the  disposition 
of  the  load  is  one  suitable  for  boosters  at  all.  The  total  capital  and  the 
total  annual  cost  in  a  properly  boosted  system  are  both  less  than  in  an 
unboosted  system. 

The  difference  between  lighting  and  traction  is  in  the  "  form  "  of  the 
load  diagram  and  its  size,  and  traction  people  appear  to  like  irregular 
pressure.  The  designing  of  the  feeders  is  the  same  for  lighting  and 
traction ;  the  current  density  may  be  and  usually  is  different.  The 
design  for  trolley  feeders  is  the  same  as  for  track  feeders ;  the  feeding 
points  may  be  and  often  are,  not  coincident.  As  the  track  returns 
more  current  than  the  trolley  wire  takes,  it  is  clear  that  the  track 
feeders  return  less  than  the  trolley  feeders  take.  The  track-feeding 
points  are  practically  fixed  by  the  Board  of  Trade,  and  the  trolley 
feeding  points  by  division  of  the  trolley  wire.  In  general  there  are 
fewer  feeding  points  and  less  copper  on  the  track  side.  All  this  is  on 
the  assumption  (not  strictly  true)  that  the  form  of  the  load  curve  on 
each  feeder  is  the  same. 

One  might  ask  why  comparison  of  systems  of  transmission  has  so 
much  fascination,  why  so  many  have  tried  it ;  and  the  answer  appears  to 
be  that  it  takes  a  considerable  amount  of  trouble  to  discover  that  a 
comparison  on  general  lines  is  inconclusive.  Each  disposition  of  load 
must  be  tried  on  its  merits,  only  rough  generalisation  is  permissible. 
This  is  on  transmission  alone,  without  taking  into  account  the  effect  of 
the  system  of  transmission  on  the  locality  for  generation. 

By  placing  the  boostered  feeding  points  sufficiently  close  together, 
the  fall  of  potential  in  any  section  of  any  distributing  main,  whether 
trolley  wire,  track,  or  any  lighting  main,  may  be  made  as  small  as 
desired.  ^  ,        •       ^ 
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Mr.  Wood.  xhijj  ig  a  function  of  the  booster  which  is  of  great,  in  some  cases  of 

paramount  importance.  But  the  booster  lays  its  claim  to  acceptance 
not  on  this  secondary  result,  but  on  its  primary  achievement,  which  is 
to  reconcile  in  the  cheapest  manner  consumption  at  widely  distant 
places  and  cheap  generation  in  one  place. 

No  doubt  in  the  hands  of  a  gentleman  so  experienced  as  Mr.  Sayers 
accurate  results  are  attained  by  including  In  the  price  of  the  unit  lost  in 
the  feeders  the  interest,  etc.,  on  the  part  of  the  generating  station  used 
in  producing  it.  The  latter  item  is,  however,  the  greater.  Current 
density  in  the  feeder  depends  on  the  form  of  the  load  curve,  and  per- 
haps it  is  near  enough  practically  to  say  on  the  load  factor.  The  relation 
between  interest,  etc.,  charges  on  the  generating  station,  and  the  fuel, 
etc.,  expended  also  depends  on  the  form  of  the  load  curve.  It  is  clear, 
then,  that  any  result  based  on  combining  interest  and  fuel  charges  can 
give  the  correct  current  density  only  for  the  corresponding  load  curve. 

I  do  not  know  that  I  agree  with  Mr.  Sayers  that  the  unit  lost  in 
feeders  should  be  priced  at  the  same  cost  as  that  used  in  traction. 
There  is  much  to  be  urged  on  the  other  side. 
*  The  term  "  negative  booster  "  is  rather  common,  but  hardly  accurate. 
A  booster  is  not  altered  by  being  taken  from  the  positive  and  inserted 
in  the  negative  pole. 

Mr. Trotter.  Mr.  A.  P.  Trotter  {commutticatai]  :  In  my  "Note  on  Electric 
Tramways"  communicated  by  Major  Caidew,  April  28,  1^98,  I  dis- 
cussed the  design  of  return  feeders  chiefly  with  regard  to  the  selection 
of  the  point  of  connection  of  the  feeder  with  the  rails.  In  the  original 
form  of  this  Note,  written  in  November,  1897, 1  considered  the  question 
of  minimum  cost  of  the  feeder  and  booster,  neglecting  the  cobt  of  energy 
to  drive  the  booster.  But  on  further  consideration,  I  found  that  the  cost 
of  energy,  so  far  from  being  negligible,  was  a  most  important  factor. 
Knowing  nobody  at  Cape  Town  with  whom  I  could  discuss  the  cost  of 
energy  or  the  rate  of  interest  at  which  the  amount  should  be  capitalised, 
I  wrote  to  Major  Cardew  to  ask  him  to  cancel  the  latter  part  of  the 
Note. 

But  now  that  Mr.  Sayers  has  attacked  the  subject  from  the  other  end, 
and  has  shown  the  importance  of  the  cost  of  energy,  my  cancelled  note 
may  be  published,  and,  with  certain  corrections  made  by  Major  Cardew, 
is  as  follows  : — 

"  The  sectional  area  of  the  return  feeder  varies  inversely  with  the 
output  of  the  booster  which  draws  the  current  through  it.  Neglecting 
the  cost  of  the  energy,  and  the  difference  between  the  rate  of  deprecia- 
tion of  the  feeder  and  of  the  booster,  the  capital  expenditure  will  be  a 
minimum  when  the  cost  of  the  feeder  is  equal  to  that  of  the  booster. 
Taking  a  bare  copper  feeder  erected  on  the  tramway  poles,*  at  is.  per 
lb.,  the  cost  of  one  mile,  having  a  resistance  of  one  ohm.,  is  about  £^^. 
The  cost  of  the  booster  may  be  put  at  £1^  per  kilowatt.  Then  the  cost 
of  the  feeder  is 

45/  X  ^  or  45-, 

»  Note,  this  mode  of  erection,  and  the  price,  related  to  work  at  Cape  Town. 
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where  /  is  the  length  in  miles,  and  r  is  the  resistance  in  ohms.    The  cost    ^^'  Trotter. 
of  the  booster  is 

i4£r 

i,ooo' 

where  c  is  the  current  in  amperes. 
"  Since 

r       i,ooo 

.  _      73,200/='  _  56-6/ 
~"\/  •    c      ■"    c    • 

For  I  ampere  for  i  mile,  the  resistance  is  56*6.  The  watts  expended  are 
56*6  and  the  booster  costs  £079,  the  feeder  costs  the  same,  making  a 
total  of  £1*58  per  ampere  and  per  mile. 

"  Applying  these  results  to  the  case  represented  by  the  line  B  H  L  M 
(see  the  figure  in  my  Note,  vol.  xxvii.,  part  135,  p.  458)  we  have  3^^  miles 
and  130  amperes,  and  the  cost  of  the  feeder  and  booster  would  be 
3*5  X  130  X  i'58  =  ;£7i9.  Would  any  economy  be  effected  by  tapping 
at  the  third  mile  with  one  feeder,  and  at  the  end  of  the  rails  with 
another,  giving  the  distribution  shown  by  the  line  B  H  N  O  P  ?  The 
first  feeder  would  carry  80  amperes,  and  have  a  length  of  three  miles  ; 
the  cost  of  the  feeder  and  booster  would  be  240  x  1*58  =  £379*2.  The 
second  would  carry  40  amperes  5  miles,  and  the  cost  would  be  £316, 
making  a  total  of  ^£695* 2  and  a  saving  of  £23  8,  which  would  not  pay 
for  the  trouble." 

A  day  or  two  after  sending  this  to  Major  Cardew,  I  learned  that  the 
cost  of  energy  should  be  put,  for  the  particular  case  in  view,  at  2d.  per 
unit  The  booster,  according  to  the  foregoing  calculation,  would  have 
to  do  25*67  kilowatts,  and  this  would  cost  £2  los.  a  day,  or  ;£9i2  los.  a 
year.  Capitalising  at  10  years,  the  sum  of,  say,  £%qoq  had  to  be  added 
to  the  cost  of  the  booster,  which  seemed  so  alarming  that  I  wrote  to 
Major  Cardew  to  suppress  all  that  part  of  the  communication,  and  I 
never  reconsidered  the  matter  until  Mr.  Sayers  took  it  up. 

The  form  of  the  foregoing  expression  may  be  wrong,  and  other 
details  may  be  added,  but  my  object  is  to  point  out  that  economical 
distribution  requires  a  very  different  design  of  conductors  and  boosters 
from  that  which  would  be  obtained  if  first  cost  had  been  the  only  con- 
sideration. 

Mr.  H.  M.  Sayers,  in  reply  :  In  answer  to  the  questions  which  have  Mr  h.m. 
been  put  to  me  more  or  less  directly,  I  shall  have  very  little  to  trouble  layers, 
you  with.  I  feel  that  my  paper  has  not  met  with  much  in  the  way  of 
contradiction  or  destructive  criticism.  Mr.  Taylor  thinks  my  estimated 
cost  of  attention  to  motor-generators  is  low.  I  daresay  it  is.  I  have 
not'  had  an  opportunity  of  finding  out  what  it  actually  is  in  practice,  and 
I  do  not  wish  to  take  too  high  a  figure.  But  this  figure  in  the  paper  is 
not  put  forward  as  the  actual  working  expenses  of  any  particular 
system  ;  these  figures  are  simply  assumed  for  arithmetical  calculation  in 
place  of  algebraic  S)rmbols.  Therefore  I  am  not  prepared  to  go  into 
VOL.  xzix.  50 
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Sayere  *''  <i®t2iils  of  how  I  could  get  the  expenses  down  to  3s.  per  set  per  week. 
I  think  it  may  be  done  for  not  much  more  than  that  under  proper 
arrangements  and  under  favourable  conditions.  Mr.  Taylor  is  quite 
right  in  saying  that  grades  and  density  of  traffic  do  not  affect  the  limits 
of  distribution.  What  they  do  affect  arc  the  sizes  of  the  feeders  to  the 
section  of  line  at  which  the  grades  or  the  dense  traffic  exist.  With 
regard  to  his  question  as  to  trolley-wire  boosters,  I  point  out  that  for 
brevity  I  simply  took  one  feeder  to  the  centre  of  gravity  of  the  district, 
beyond  the  limiting  distance,  and  supposed  that  all  the  cun-ent  was 
taken  there.  In  practice  one  would  run  the  booster  feeders  to  a  number 
of  points,  as  he  suggested. 

Mr.  Eustace  Thomas  gave  us  a  valuable  method  of  comparing  two 
conductors  for  a  given  load.  I  would  point  out  that  the  method  which 
I  have  given  here  is  more  general,  and  that,  as  a  matter  of  fact,  if  one 
takes  a  price  list  it  will  be  found  that  over  a  really  considerable  range  of 
sizes,  cables  of  similar  insulation  cost  a  certain  price  per  ton  of  copper 
insulated,  and  that  price  being  taken  with  the  other  figures,  as  I  say, 
one  gets  a  general  expression  for  the  most  economic  density  substantially 
correct  for  loads,  within  limits  corresponding  to  the  sizes  of  the  con- 
ductors for  which  such  price  is  correct. 

Mr.  Jcnkin's  remark  that  my  paper  must  not  be  taken  as  a  com- 
parison of  different  systems  is  perfectly  true ;  it  does  not  profess  to 
compare  the  different  systems.  He  objects  to  the  suggestion  that  feeders 
should  be  run  to  separate  sections.  I  do  not  know  whether  he  thinks 
I  intend  that  each  feeder  shall  only  feed  the  trolley  wire  at  one  point. 
That  is  not  assumed  or  intended  at  all,  but  I  have  found  as  a  matter  of 
practice  that  it  is  best  in  a  large  system  at  any  rate  to  separate  the 
trolley  wires  at  various  points,  and  to  feed  each  section  of  trolley  wire 
so  separated  with  one  feeder.  It  will  be  fed  at  several  points,  of  course  ; 
on  a  busy  system  no  loss  occurs  from  that,  and  many  advantages  accrue. 
Mr.  Scott  wants  to  know  why  I  do  not  assume  5,000  volts  instead  of 
2,500  for  the  pressure  of  the  multiphase  system.  He  will  find  that  it 
would  make  a  very  small  difference  to  the  costs  as  I  have  worked  them, 
and  as  a  matter  of  practice  I  should  prefer  to  work  with  the  2,500.  He 
is  quite  right  as  to  the  use  of  polyphase  motors  on  the  cars,  and  the 
very  great  difference  that  would  make  in  the  expense  of  the  system.  I 
have  pointed  that  out  in  the  penultimate  sentence  of  my  paper. 

Mr.  Swinburne's  remarks  as  to  the  three-wire  system  are  worthy  of 
attention.  I  have  always  felt  that  this  system  is  worth  trying.  There 
are  many  cases  where  it  would  seem  to  afford  a  way  out  of  certain  diffi- 
culties which  we  now  experience.  The  difficulty  is  to  find  anybody 
who  will  put  down  the  money  for  the  experiment — because  it  would  be 
an  experiment,  and  there  would  be  a  great  many  details  which  would 
require  working  out.  The  difficulty  in  balancing  between  the  two  trolley 
wires  is  not  imaginary.  Of  course  the  balancer  is  what  one  would 
naturally  use  to  keep  the  voltage  equal  on  the  two  sides.  I  believe 
there  is  an  American  experience  of  the  three-wire  system.  I  have  seen 
illustrations  of  the  overhead  work,  and  the  illustrations  do  not  induce 
one  to  try  it  here,  but  in  that  case  both  wires,  both  positive  and  negative 
wires,  are  tapped  by  the  trolley  arms  of  each  car,  and  that,  of  course 
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accentuates  the  difficulties.  Mr.  Quin  seized  on  my  sentence  as  to  the  Mr.  h.  m. 
drawing-in  system  and  solid  system.  I  should  be  very  glad  to  give  my  ^^y*^*^**- 
reasons  for  preferring  the  drawing-in  system,  but  it  would  take  another 
paper  to  give  them  anything  like  full  effect.  But  I  may  mention  that 
experience  of  gas  and  water  companies  shows  that  a  cast-iron  pipe 
buried  in  an  average  soil  has  a  life  of  40  years,  and  that  therefore  a 
depreciation  rate  of  i  per  cent,  is  sufficient  to  cover  it. 

With  regard  to  his  further  remark  as  to  the  construction  of  the 
track,  I  am  not  a  permanent-way  engineer,  and  I  do  not  propose  to 
discuss  that  matter  any  further,  but  I  think  a  provision  of  greater  con- 
ductivity in  the  track  is  worth  study  and  worth  experiment  by  municipal 
engineers.  The  municipalities  will  not  allow  us  to  make  such  experi- 
ments at  all. 

[Communicated.] — Mr.  Wood's  interesting  communication  calls  for 
little  answer,  as  it  mostly  agrees  with  my  paper.  I  would  point  out  to 
him  that  in  charging  the  unit  delivered  through  a  booster  with  the  energy 
used  in  the  booster,  I  am  acting  quite  correctly,  as  such  charge  is  com- 
pared with  the  energy  wasted,  and  the  annual  charges  incurred  in  a 
cable.     It  is  part  of  the  cost  of  distribution,  and  cannot  be  neglected. 

Undoubtedly  the  booster  provides  a  cheaper  means  of  keeping 
pressure  up  at  a  distant  point  than  additional  copper  in  the  feeder  in 
some  cases.  The  track-feeder  case  shows  this  in  an  exaggerated  form 
as  compared  with  trolley  or  lighting  feeders. 

The  load  curve  and  the  permissible  variation  of  voltage  over  the 
distributing  system  are  important  factors  in  determining  the  most 
economical  system,  and  I  am  glad  to  recognise  how  thoroughly  this  is 
understood  by  at  least  one  reader  of  the  paper. 

The  President  :  I  will  ask  you  to  give  a  very  hearty  vote  of 
thanks  to  Mr.  Sayers  for  his  paper. 

The  vote  was  carried  by  acclamation. 

The  President  announced  that  the  scrutineers  reported  the 
following  candidates  to  have  been  duly  elected  : — 

Members  : 
Edwin  S.  Jacob.  |      Frederick  Thomas  Trouton. 

Associate  Members  : 
P.  Kerr  Higgins.  |      Bradford  Leslie. 

Harold  MacKnight  Sillar. 


Richard  Gilbert  Allen. 
William  John  Blenheim. 
Spencer  Flower. 
Frederick  Mason  Hartley. 


Associates : 

Frederick  James  Lowe. 
David  Herbert  Patrick. 
John  Francis  Jodrell  Reynolds. 
Henry  Ellis  Thompson. 


Students : 
Alfred  Harvey  Bennett.  I      George  Eliot  Turnbull. 

Reginald  Walter  Penny.  |      Richard  Westbrook. 
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The  Three  Hundred  and  Forty-Eighth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Society  of 
Arts,  John  Street,  Adelphi,  on  Thursday  evening.  May 
loth,  1900— Professor  SiLVANUS  P.  Thompson,  F.R.S., 
President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
May  3rd,  1900,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  the 
list  should  be  suspended  in  the  Library. 

The  following  transfer  was  announced  as  having  been 
approved  by  the  Council : —  • 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

John  McBean. 

Messrs.  Oswald  Haes  and  B.  G.  Stewart  were  appointed 
scrutineers  of  the  ballot  for  new  members. 

Donations  were  announced  as  having  been  received  since 
the  last  meeting  as  follows  : — ^To  the  Library,  from  Mr. 
Henry  Wilde,  F.R.S.,  Hon.  Member  ;  to  the  Building  Fund, 
from  Major  A.  M.  Stuart,  R.E.,  Mr.  J.  F.  J.  Reynolds,  and 
Mr.  Mark  Packer ;  and  to  the  Benevolent  Fund  from  Mr.  R. 
W.  Weekes  ;  to  all  of  whom  the  thanks  of  the  meeting  were 
unanimously  accorded.  . 
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A   FRICTIONLESS   MOTOR   METER. 
By  S.  EvERSHED,  Associate  Member. 

Preliminary. 

Lest  there  should  be  any  misapprehension  of  the  title  of 
this  paper,  let  it  be  said  at  once  that  the  adjective  is  used  in 
the  comparative  sense  already  sanctioned  by  such  analogous 
phrases  as  "smokeless  powder/'  "watertight  compartment," 
and  so  on.  Every  one  knows  that  smokeless  powder  makes 
some  smoke,  and  that  a  watertight  compartment  usually 
leaks,  but  the  smoke  is  not  sufficient  to  enable  the  position 
of  a  gun  to  be  seen  nor  to  interfere  with  other  military 
operations,  and  the  leaks  are  not  sufficient  to  sink  the  ship. 
Similarly  a  frictionless  motor  meter  is  one  in  which  the 
friction  commonly  met  with  has  been  so  greatly  reduced  as 
to  render  correction  unnecessary,  and  reduce  wear  and  tear 
to  an  inappreciable  amount. 

In  the  course  of  the  last  few  years  the  author  has  tested 
some  of  the  better  known  types  of  motor  meter  in  general 
use,  with  the  result  that  the  lowest  observed  value  for  the 
moment  of  frictional  resistance  is  57  dyne  cms.  and  the 
highest  nearly  1,400  dyne  cms.,  while  values  of  from  300  to 
500  dyne  cms.  are  quite  usual.  All  these  tests  were  carried 
out  upon  new  meters  which  had  been  carefully  adjusted  by 
the  makers.  In  the  author's  meter  the  friction  moments  so 
far  observed  vary  from  i"j  dyne  cms.  in  a  new  meter  up  to 
3-5  dyne  cms.  in  one  which  has  run  for  many  million 
revolutions.  These  figures  will,  it  is  hoped,  serve  to  excuse 
if  not  to  justify  the  title  "  frictionless." 

Among  the  many  links  in  the  long  chain  connecting  the 
energy  locked  in  the  coal  store  of  an  electric-power  station 
with  the  work  done  on  the  consumer's  premises  the  supply 
meter  is  by  no  means  the  least  important.  Yet  it  has 
perhaps  received  less  attention  from  the  Institution  of 
Electrical  Engineers  than  any  other  essential  part  of  an 
electric  supply.  It  is  difficult  to  assign  any  cause  for  this 
apparent  neglect :  electric  meters  began  to  be  invented  in 
the  earliest  days  of  electric  lighting,  and  by  the  time  the 
industry  was  on  a  sound  basis  there  were  already  a  large 
number,  working  on  a  variety  of  wholly  different  principles, 
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awaiting  the  test  of  practical  use.  There  were  motor  meters, 
electrolytic  meters,  differential-clock  meters,  feeler  meters — 
in  addition  to  a  host  of  nondescript  meters.  There  were 
many  kinds  of  each  of  the  fundamental  types  ;  some  of 
them  based  on  more  or  less  simple  laws ;  others  practically 
lawless  and  destined  on  that  account  to  succumb  in  the 
struggle  for  existence.  But  the  extraordinary  activity  of  the 
meter  inventor  and  the  very  wide  field  he  was  working  in 
has  left  scarcely  a  trace  in  the  Proceedings  of  the  Institution.' 
While  we  have  over  and  over  again  discussed  every  other 
link — coal,  boilers,  engines,  dynamos,  mains,  batteries,  trans- 
formers, lamps,  and  so  on,  and  devoted  a  vast  amount  of 
learning  and  experience  to  efficiencies  (reckoned  to  frac- 
tions of  I  per  cent.),  to  load  factors,  to  costs  (calculated 
to  minute  fractions  of  a  penny) — we  have  been  content  to 
pass  the  meter  over  in  silence.  Is  the  average  meter,  then, 
so  good  that  it  needs  no  attention  from  us  ?  Far  from  it ; 
erratic  meters  are  not  unknown.  One  will  allow  a  consumer 
to  run  a  lamp  all  day  for  nothing ;  another  for  30  or  40  per 
cent,  discount.  Precious  energy  after  having  its  cost  ascer- 
tained to  the  hundredth  of  a  penny  is  positively  being  given 
away  every  day  by  sticky  motor  meters,  unbalanced  clock 
meters,  and  the  like.  As  a  set  off  one  hears  of  meters 
running  up  a  big  bill  when  the  consumer  is  out  of  town  and 
the  main  switch  off. 

Bearing  all  this  in  mind,  the  author  feels  that  a  paper 
devoted  to  the  description  of  an  attempt  to  remove  some  of 
the  more  obvious  defects  of  a  particular  class  of  meter — the 
motor  type — together  with  an  exhibition  of  the  outcome  of 
that  attempt  will  need  no  apology. 


Motor  Meters. 

The  fundamental  principle  of  all  motor  meters  is  very 
simple.  The  driving  moment  (torque)  of  the  motor  is  made 
proportional  to  the  power  (or  to  the  current,  in  a  coulomb 
or  electricity  meter)  being  metered,  and  the  speed  of  the 
motor  is  controlled  by  a  brake  whose  resisting  moment  is 

*  Here  are  the  only  papers  on  meters  published  from  1885  to  1899  ' — Mr. 
Hookham,  in  demonstrating  his  meter,  1889,  vol.  xviii.,  p.  688  ;  Mr.  Gibbini^s, 
"Registration  of  Small  Currents  used  for  Electric  Lighting  and  other 
Purposes,"   1898,  vol.  xxvii.,  p.  547. 
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proportional  to  the  speed.  Consequently  the  speed  will  be 
proportional  to  the  power  (or  to  the  current),  and  the 
number  of  revolutions  made  in  a  given  time  will  be  propor- 
tional to  the  energy  (or  to  the  electricity)  supplied.  This 
was  first  clearly  stated  by  Professors  Ayrton  and  Perry  in 
describing  their  well-known  energy  meter,  the  forerunner  of 
nearly  all  energy  meters  since  invented.^  Unfortunately  it 
is  easier  to  lay  down  the  law  than  it  is  to  make  a  meter 
obey  it.  A  motor  axle  must  have  bearings ;  a  current  has 
to  be  led  to  the  rotating  armature  either  by  brushes  or  by 
means  of  a  mercury  bath  ;  and  there  is  a  counting  train  to 
be  driven.  All  these  things  involve  friction,  and  a  part, 
often  a  very  considerable  fraction,  of  the  available  driving 
torque  will  be  used  up  to  overcome  it.  There  are  other 
minor  difficulties,  such  as  the  construction  of  a  motor  with- 
out iron,  variations  of  electrical  resistance  due  to  temper- 
ature and  so  on,  but  practically  friction  is  the  only  serious 
trouble  in  a  motor  meter ;  it  limits  the  accuracy  and  involves 
a  good  deal  of  wear  and  tear. 

If  one  attempts  to  design  a  practicable  energy  meter  of 
the  type  described  by  Ayrton  and  Perry,  one  is  hampered  by 
certain  fairly  definite  limitations,  such  as  cost  of  manufac- 
ture, drop  in  the  current  coils  at  full  load  (or  power  wasted 
in  them  if  that  is  the  more  important  item),  and  above  all 
waste  of  power  in  pressure  circuit.  If  the  full-load  drop  is 
fixed  at  one  volt,  and  the  wasted  power  in  the  pressure 
circuit  is  limited  to  three  or  four  watts,  it  will  be  found  that 
the  maximum  driving  torque  obtainable  (on  the  assumption 
that  the  meter  is  to  be  saleable  at  present  average  prices)  is 
something  like  20,000  dyne  cms.,  and  the  friction  may  be 
from  300  to  500  dyne  cms.  A  greater  driving  moment  is 
easily  obtained  by  enlarging  the  armature,  but  only  at  the 
expense  of  increased  weight  of  moving  parts  and  a  con- 
sequent increase  in  friction.  We  shall  be  fairly  stating  the 
result  of  careful  designing  if  we  put  the  driving  torque  at 
15,000  and  the  moment  of  frictional  resistance  at  300  dyne 
cms. ;  in  other  words,  driving  torque  at  full  load  amounts  to 
about  fifty  times  the  frictional  resistance.  It  will  be  con- 
venient to  reduce  these  figures  to  percentages  by  calling  the 
full  load  100,  maximum  driving  moment  100,  and  the 
friction  moment  2,  arbitrary  units.  We  may  also  reckon  full 

'  Speciiication  of  Patent  No.  2642-1882. 
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speed  of  the.  meter  as  lOO  revolutions  per  minute.  Our 
hypothetical  meter  will  obviously  not  start  until  the  load 
exceeds  2.  Also  it  will  make  98  revolutions  per  minute  at 
full  load,  since  of  the  total  driving  torque  of  100,  two  units 
are  used  up  for  friction,  leaving  98  to  work  on  the  brake. 
Hence  a  table  of  corrections  can  be  written  down  at  once, 
on  the  assumption,  of  course,  that  friction  is  constant 
throughout  the  range  of  speeds  contemplated.  If  there  is 
no  fluid  friction  this  assumption  is  correct.  The  errors  of 
the  meter  are  given  in  Table  I. 

It  will  be  observed  that  with  such  a  meter  the  consumer 
gets  a  discount  of  16  per  cent,  when  he  is  taking  one-tenth 
of  full  load.i 

The  range  of  a  meter  within  specified  limits  of  error 
forms  the  best  criterion  of  comparison  as  regards  accuracy, 
and  the  author  proposes  to  call  that  part  of  the  total  range 
of  a  meter  in  which  its  error  is  within  certain  limits,  the 
"  Standard  Range.''  Assuming  the  limit  of  error  is  fixed  at 
5  per  cent. — or,  which  comes  to  the  same  thing,  plus  or 
minus  2J  per  cent — the  standard  range  of  the  hypothetical 
meter  is  i  to  3-3  when  the  meter  is  adjusted  to  register 
correctly  at  full  load. 

Correction  for  Friction. 

Clearly  the  simple  uncorrected  motor  meter  requires 
some  modification  before  it  can  be  considered  as  a  practical 
instrument.  It  is  well  known  that  friction  can  be  partially 
corrected  by  means  of  a  starting  coil  in  the  pressure  circuit. 
At  first  sight  this  seems  a  simple  and  sufficient  solution  of 
the  problem.  If  to  the  hypothetical  meter  we  add  a  starting 
coil  whose  driving  moment  on  the  armature  equals  2,  the 
errors  in  Table  I.  disappear.  A  new  error  will,  however, 
have  crept  in  ;  the  meter  will  almost  invariably  run  when 
the  load  is  zero  ;  lessen  the  strength  of  the  starting  coil, 
and  the  meter,  although  not  quite  so  immoral,  will  still 
occasionally  go  on  running  when  the  load  is  off.  The 
author  was  for  a  long  time  completely  bafHed  in  his 
efforts  to  find  an   explanation   of   this   effect,  but   a  very 

*  Through  the  kindness  of  Professor  Ayrton  the  author  has  been  able  to 
test  an  actual  meter  made  in  the  manner  described.  Its  maximum  driving 
torque  was  19,000  dyne  cms.  and  its  friction  350  dyne  cms.,  the  accurao' 
being  therefore  rather  better  than  that  shown  in  Table  I.  But  this  was  dearly 
purchased  at  the  expenditure  of  no  less  than  10  watts  in  the  pressure  circuit. 
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simple  cause  was  at  last  discovered,  and  as  others  may  have 
been  puzzled  besides  himself  he  ventures  to  give  the 
explanation  here. 

Every  one  knows  how  enormously  the  friction  of  light 
mechanism  may  be  reduced  by  vibration.  The  reduction  is 
far  too  large  to  be  accounted  for  by  the  vibration  causing 
cohesion  to  vanish.  Now  when  a  meter  is  fixed  in  a  town 
house  it  is  never  entirely  free  from  vibration,  and  the  jight 
axle  such  as  is  commonly  employed  in  meters  is  alternating 
between  a  position  in  which  it  is  wholly  or  partially  out  of 
contact  with  its  bearings,  and  one  in  which  ^it  presses  on 
them  with  more  than  normal  force.  In  one  sense,  of  course 
the  average  value  of  friction  remains  the  same  as  it  would 
be  with  no  vibration,  and,  in  fact,  the  constant  of  a  meter  is 
hardly  altered  appreciably  by  it;  but  the  fact  that  friction 
is  higher  during  one  half  period  of  the  shaking  and  the 
meter  therefore  at  rest  (the  starting  coil  is  supposed  just  to 
balance  the  average  friction — it  is  obviously  insufficient  to 
move  the  armature  while  the  friction  is  above  the  average), 
does  not  prevent  the  starting  coil  from  moving  the  armature 
during  the  half  periods  when  friction  is  less  than  the 
average.  The  author  has  found  that  a  meter  fixed  to  the 
brick  wall  of  the  office  building  at  Woodfield  Works  would 
go  on  running  all  night  when  the  driving  moment  was 
reduced  to  a  very  small  fraction  of  that  required  to  balance 
the  normal  average  friction ;  and  this  can  only  be  accounted 
for  on  the  assumption  that  during  what  may  be  called  the 
positive  half  periods  of  vibration  the  meter  axle  and  com- 
mutator were  to  all  intents  and  purposes  frictionless. 

If  this  is  the  true  explanation  of  a  well-known  trouble, 
then  it  is  obvious  that  there  will  always  be  a  difficulty  with 
such  meters  when  they  are  fixed  in  buildings  subject  to 
vibration. 

Elimination  of  Friction. 

Instead  of  regarding  friction  as  unavoidable  and  attempt- 
ing to  correct  for  it,  the  author  has  approached  the  problem 
from  another  side  and  endeavoured  to  remove  the  causes  of 
friction  and  so  avoid  the  necessity  for  correctipn.  These 
causes  are,  as  has  already  been  stated,  (i)  friction  of  axle 
bearings,  (2)  friction  of  brushes  on  commutator,  and 
(3)  friction  of  counting  train  and  gear  connecting  it  with 
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the  motor  axle.  With  an  ordinary  vertical  axle  the  first  is 
nearly  all  due  to  the  bottom  or  step  bearing,  which  is 
usually  a  rounded  steel  point  resting  in  a  jewel  cup.  In  the 
author's  meter  the  pressure  of  the  axle  on  the  bottom  bear- 
ing is  reduced  to  a  few  grammes  by  magnetically  suspending 
the  axle,  armature,  and  brake.  A  top  bearing  is  entirely 
dispensed  with,  the  axle  being  held  in  position  magnetically 
— "magnetically  pivotted." 

The  brush  friction  is  enormously  reduced  by  the  use  of 
a  novel  form  of  commutator  having  elastic  segments  against 
which  the  edges  of  two  light  and  freely  pivotted  wheels  roll 
to  act  as  brushes. 

The  friction  of  the  train  is  entirely  removed  as  a  source 
of  error.  The  train  is  driven  by  a  simple  electro-magnetic 
device  whose  speed  of  working  is  controlled  by  the  speed 
of  the  motor,  although  there  is  absolutely  no  mechanical 
connection  between  them. 

These  means  have  already  sufficed  to  reduce  the  friction 
from  a  value  between  300  and  400  dyne  cms.  to  less  than 
3  dyne  cms.,  and  there  is  reason  for  believing  that  the  limit 
has  not  yet  been  reached. 

Early  Attempts  at  Magnetic  Suspension. 

The  possibility  of  using  magnetic  force  to  take  the 
weight  of  the  rotary  parts  of  a  motor  meter  off  its  bearings 
has  no  doubt  presented  itself  to  many  minds,  and  probably 
a  good  many  inventors  have  made  experiments  with  that 
object  in  view. 

In  1887  Mr.  Hookham  refers  to  the  subject  in  one  of 
his  meter  patents,  but  he  confines  himself  to  the  statement 
that  *'  the  magnets  may  be  so  disposed  as  to  counteract  or 
partially  counteract  gravity  and  thereby  lessen  friction.'*' 
A  little  later  Mr.  Ferranti  turned  his  attention  to  magnetic 
suspension  in  connection  with  alternate-current  meters, 
while  quite  recently  in  America  Mr.  Stanley  has  brought 
out  a  motor  meter  in  which  the  vertical  axle  is  entirely 
suspended  by  means  of  the  attraction  of  iron  discs  fixed 
on  the  axle  and  ring  poles  surrounding  them.  Pivots  at 
the  top  and  at  the  bottom  of  the  axle  are  required  to  keep 
it  and  the  discs  exactly  concentric  with  the  ring  poles,  the 
relative  position  of  the  discs  and  ring  poles  being  one  of 

*  Specification  of  Patent  No.  4225**,  1887. 
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unstable   equilibrium    laterally,   although    perfectly    stable 
axially. 

The  Author  began  experimenting  with  magnetic  sus- 
pensions a  few  weeks  after  the  publication  of  Professor 
George  Forbes'  paper  on  his  "  windmill "  meter.  It 
occurred  to  him  that  the  Forbes  meter  might  be  made  less 
wasteful  of  power  if  it  were  compounded  much  in  the 
same  way  as  a  steam  turbine,  and   he  proposed  to   make 


Fig.  I. — Magnetic  Suspension  applied  to  Professor  Forbes' 
"  Windmill "  Meter. 

the  compound  windmill  as  nearly  frictionless  as  possible 
by  magnetically  suspending  the  axle  and  its  series  of  rings 
of  vanes.  A  meter  was  made  on  this  plan  with  a  bar 
magnet  placed  in  line  with  and  immediately  above  the 
end  of  the  axle,  which  was  pivotted  top  and  bottom  (see 
Fig.  i)  ;  the  arrangement  proved  quite  unworkable  and 
v^ras  abandoned.  In  1891  the  Author,  in  connection  with 
Mr.  Vignoles,  was  working  at  a  motor  meter  of  the  Ayrton- 
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Perry  type,  in  which  friction  was  eliminated  by  floating  the 
armature  in  water  or  oil.  The  armature  was  held  in  the 
centre  of  the  vessel  containing  the  liquid  by  means  of 
a  little  iron  rod  projecting  axially  below  the  armature,  with 
its  end  close  to  the  bottom  of  the  vessel  (Fig.  2).  A  bar 
magnet  was  fixed  underneath  the  vessel,  in  line  with  the 
iron  rod,  and  with  its  upper  pole  as  close  as  possible  to  the 
bottom  of  the  vessel.  The  iron  rod  was  consequently  held 
in  the  magnetic  axis  of  the  bar  magnet,  and  the  axis  of 
rotation  of  the  rotary  system  coincided  with  the  magnetic 
axis.    This   "  magnetic   pivot,"   as   it   was    called,   worked 

admirably,  but  the 
meter  itself  was  a 
failure.'  Another 
application  of  mag- 
netic suspension  was 
attempted  in  189 1-2 
in  connection  with 
an  early  form  of  the 
Richards- Ever  shed 
Ships'  Telegraph.  In 
this  apparatus  a  very 
powerful  magnet  is 
required  to  be  freely 
pivotted  and  to  have 
as  little  inertia  as 
possible.  An  in- 
duced magnet  was 
tried,  magnetised  by 
induction  from  an 
electro-magnet.  The  induction  was  led  from  the  fixed  to 
the  movable  magnet  through  the  ends  of  the  axle  as  shown 
in  Fig.  3.  The  arrangement  gave  much  trouble  owing  to 
the  magnetic  attraction  forcing  one  or  other  of  the  pivots 
against  the  end  of  its  bearing.  In  a  modified  form  (see 
Fig.  4)  the  induction  was  led  into  the  axle  radially,  and 
at  the  same  time  a  little  axial  displacement  was  given  to 
the  enlarged  part  of  the  axle  with  respect  to  the  fixed  ring 


N 


Fig.  2.- 


-Magnetic  Pivot  applied  to  the  Floating 
Armature  of  a  Motor  Meter. 


*  It  is  worth  mentioning  that  the  train  of  this  meter  was  to  be  driven  by  a 
coil  with  a  vertical  axis  fixed  on  top  of  the  armature  and  alternately  attracting 
and  repelling  a  magnet  ;  an  idea  which  has,  after  the  lapse  of  nearly  ten  years, 
been  tested  and  proved  to  be  entirely  practicable. 
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pole  in  order  to  relieve  the  bottom  bearing  of  the  weight  of 
the  magnet  N  N  and  its  heavy  axle.  This  was  accom- 
plished to  some  extent,  but  two  new  difficulties  arose;  if 
the  axle  was  not  absolutely  concentric  .with  the  hollow 
poles  of  the  fixed  magnet,  there  was  a  lateral*  magnetic  •pull 
upon  it  causing  the  pivots  to  bear  with  corresponding 
pressure  on  their  bearings, 
so  that  the  elimination  of 
one  friction  had  only 
served  to  introduce 
another  ;  the  other  diffi- 
culty arose  from  want  of 
perfect  mechanical  truth 
in  either  the  axle  or  the 
ring  poles,  or  both.  This 
led  to  the  ring  poles  hav- 
ing a  directing  moment 
on  the  axle,  and  gave  rise 
to  errors  in  the  indica- 
tions of  the  Telegraph. 
In  a  sense  these  troubles 
were  due  to  imperfect 
workmanship  and  were 
consequently  avoidable. 
But  anything  requiring 
great  nicety  of  adjust- 
ment was  quite  out  of 
place  in  the  particular 
apparatus  of  which  the 
movable  magnet  formed 
a  part,  and  after  much 
fruitless  work  all  idea  of 


Fig.  3. — Magnetic  Suspension,  applied  to 
the  Needle  Axle  of  a  Ship's  Telegraph. 


magnetic  suspension  was  given  up,  and  the  whole  magnetic 
circuit  was  made  to  move  as  one  piece. 

In  a  renewed  attempt  to  make  a  frictionless  meter  of  the 
Ayrton- Perry  type,  the  weight  of  the  rotary  part  was  sus- 
pended by  the  attraction  of  a  fixed  solenoid  surrounding 
the  upper  end  of  the  iron  axle  (Fig.  5).  The  magnetic 
circuit  was  made  as  perfect  as  possible  by  fixing  an  iron 
disc  on  the  axle  just  below  the  coil  and  carrying  an  iron 
tube  up  from  the  disc  so  as  to  partially  enclose  the  coil. 
It  was,  however,  not  found  practicable  to  reduce  the  waste 
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of  power  in  the  solenoid  below  about  five  watts,  and  this 
was  quite  sufficient  to  put  this  form  of  suspension  out  of 
court  so  far  as  motor  meters  are  concerned. 


Present  Form  of  Magnetic  Suspension. 


Finally  the  Author  returned  to  the  first  idea  (Fig.  i)  of  a 

simple  magnetic  pole 

r-ClH 


fixed  above  an  iron 
axle.  Experience 
had  proved  that  one 
of  the  worst  troubles 
with  all  forms  of  sus- 
pension was  caused 
by  the  magnetic  axis 
not  being  absolutely 
coincident  with  the 
rotational  axis,  the 
latter  being  deter- 
mined by  the  pivots. 
If  the  top  pivot  is 
removed,  the  axle  is 
free  to  centre  itself 
in  a  magnetically 
symmetrical  fashion, 
and  it  will  then 
rotate  about  the  mag- 
netic axis  (Fig.  6). 
Any  directional  mo- 
ment due  to  the  axle 
and  suspending  pole 
not  being  perfect 
figures  of  revolution, 
will  be  enormously 
reduced  by  diminishing  the  diameters  of  axle  and  pole; 
and  with  diameters  not  much  exceeding  5  mms.  the  sup- 
porting pole  has  no  measurable  directing  influence  upon 
the  axle.  Thus  the  combination  of  the  suspension  shown 
in  Fig.  I  (minus  its  top  pivot)  with  the  magnetic  pivot  of 
Fig.  2  has  resulted  in  a  perfectly  practicable  and  very  simple 
arrangement  for  relieving  a  step  bearing  of  the  greater  part 
of  the  weight  of  the  rotating  system. 


Fig.  4. — Modified  form  of  Magnetic  Suspension 
for  a  Ship's  Telegraph. 
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To  prevent  the  axle  from  accidentally  coming  into  con- 
tact with  the  supporting  pole,  a  thin  plate  of  non-mag- 
netic metal  (seen  at  c  in  Fig.  6)  is  interposed  between  them. 
It  is  fixed  immediately  above  the  end  of  the  axle,  leaving 
a  very  small  clear- 
ance. The  support-  •^ 
ing  pole  is  adjusted 
until  nearly  the  whole 
of  the  pressure  on 
the  step  bearing  is 
relieved.  If  the  pres- 
sure is  reduced  to 
zero,  a  slight  shake 
will  jerk  the  axle  up 
until  it  rests  against 
the  plate,  where  it 
will  remain,  since 
the  upward  attracting 
force  increases  as  the 
space  between  axle 
and  supporting  pole 
diminishes.  It  is 
therefore  necessary  to 
leave  a  few  grammes 
weight  unbalanced 
so  that  there  is  suf- 
ficient gravitational 
force  downwards  to 
pull  the  axle  off  the 
end-plate,  should  it 
happen    to   rise  into 

contact  with  it. 

Fig.  5. — Electro-magnetic  Suspension  applied 
to  a  Motor  Meter. 


Essential  Points  in   Magnetic  Suspension  of  Meter 

Axles. 

Magnetic  attraction  has  been  used  to  partially  support 
the  weight  of  dynamo  armatures  by  the  simple  expedient  of 
boring  the  pole  pieces  excentrically.  Again,  if  a  dynamo  has  a 
vertical  axle,  the  whole  of  the  pressure  upon  the  step  bearing 
may  be  removed  by  allowing  the  armature  core  to  fall  a 
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little  below  the  level  of  the  pole  pieces;  but  these  and 
similar  applications  of  magnetism  to  the  relief  of  bearing 
pressure  must  not  be  confounded  with  its  use  as  a  means  of 
reducing  the  resistance  to  rotation  of  a  meter  axle. 

Our  object  in  magnetically  suspending  the  axle  of  a 
moter  meter  is  twofold.  It  is  certainly  an  advantage  to 
reduce  wear  and  tear  of  bearing,  but  primarily  we  desire  to 
improve  the  meter  as  regards  accuracy 
and  waste  of  energy,  and  to  that  end  it 
is  essential  that  there  should  be  a 
reduction  of  all  the  resistances  to 
rotation  other  than  that  offered  by  the 
brake.  Now,  while  it  is  easy  to  sus- 
pend a  meter  axle  by  some  such 
means  as  those  just  referred  to  as  ap- 
plicable to  dynamos,  a  moment's  con- 
sideration shows  that  in  reducing  the 
frictiofi  of  the  step  bearing  to  zero,  we 
have  at  the  same  time  introduced  a  new 
source  of  friction,  namely,  hysteresis 
in  the  iron  core  on  which  the  two  pole 
pieces  act.  This,  as  is  well  known, 
offers  a  resistance  to  rotation.  Its 
amount  in  any  practical  example  will 
be  found  to  be  enormously  greater 
than  the  frictional  torque  of  the  step 
bearing.  In  a  dynamo  or  motor  the 
hysteresis  torque  is  there  in  any  case, 
whether  we  suspend  the  armature  or 
not,  so  that  the  relief  of  bearing  fric- 
tion by  displacing  the  armature  in 
the  pole  pieces  is  a  clear  gain,  but  in 
the  meter  there  is  no  iron  core  within  the  armature,  and  in 
order  to  suspend  the  axle  in  the  same  way  a  core  must  be 
put  upon  the  axle  for  that  purpose,  thus  introducing  a 
resisting  torque  which  did  not  exist  before. 

We  thus  arrive  at  an  essential  principle  for  magnetic 
suspension  of  meter  axles  :  The  induction  density  in  the 
magnetic  devices  used  for  support  must  remain  absolutely  con- 
stant during  rotation  of  the  axle.  This  at  once  disposes  of 
unsymmetrical  bipolar  arrangements  ;  nothing  of  the  nature 
of  two  poles  attracting  a  piece  of  iron  will  serve.     To  secure 


Fig.  6. — Present  form  of 
Magnetic  Suspension 
applied  to  a  Motor 
Meter. 
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uniform  induction  density  in  the  rotating  part  of  the 
magnetic  circuit,  the  attracting  pole  must  be  a  figure  of 
revolution  with  its  axis  coincident  with  the  axis  of  rotation. 
As  an  example,  the  attracting  pole  might  be  a  ring 
concentric  with  the  axle  ;  an  iron  disc  fixed  upon  the 
axle  a  little  below  the  plane  of  the  ring  pole  would  be 
attracted  upwards,  and  if  the  ring  and  disc  could  be  made 
mechanically  true  and  magnetically  homogeneous,  the  induc- 
tion density  would  be  uniform  in  the  disc  and  there  would  be 
no  resistance  to  rotation  due  to  hysteresis.  In  practice  it  is  . 
exceedingly  difficult  to  ensure  these  conditions.  The  disc 
is  in  unstable  equilibrium  transversely,  and  as  there  is 
necessarily  a  little  clearance  between  the  axle  pivots  and 
their  bearings,  the  disc  will  always  run  a  little  out  of  centre  ; 
this  at  once  raises  the  density  at  one  part  of  the  annular  air- 
gap  and  lowers  it  on  the  opposite  side,  and  during  rotation 
the  iron  of  the  disc  goes  through  a  minute  magnetic  cycle, 
absorbing  a  corresponding  amount  of  energy.  The  disc  is 
also  pulled  sideways  and  causes  the  pivots  to  press  against 
the  bearings.  These  effects  were  very  marked  in  the 
experimental  devices  already  referred  to  (Figs.  3  and  4), 
and  led  the  author  to  abandon  that  type  of  suspension  for 
the  simple  form  finally  adopted,  namely,  a  cylindrical 
magnetised  rod  fixed  with  its  lower  end  immediately  above 
and  in  line  with  the  cylindrical  iron  axle. 

It  must  not  be  supposed  that  this  is  a  complete  solution 
of  the  problem  ;  but  it  has  proved  itself  to  be  a  thoroughly 
practicable  one,  and  if  the  diameter  of  the  supporting  pole 
and  axle  is  small  enough,  there  appears  to  be  no  trace  of 
hysteresis,  nor  is  any  difficulty  experienced  in  obtaining  the 
requisite  mechanical  truth.  Of  course  the  position  of  the 
axle  is  one  of  unstable  equilibrium  in  a  vertical  direction, 
the  magnetic  attraction  increasing  rapidly  if  the  axle  rises 
towards  the  supporting  pole.  But  if  means  are  adopted  to 
confine  the  possible  travel  of  the  axle  within  narrow  limits, 
it  will  run  with  very  little  pressure  on  the  step  bearing. 

Description  of  Frictionless  Meter. 

The  essential  working  parts  of  the  author's  meter  are 
shown  in  Fig.  7.  The  armature  A,  brake  dish  F,  and  train- 
driving  coils  Di  Da,  are  mounted  on  a  mild  steel  axle  a. 
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The  axle  has  a  hard  steel  point  at  its  lower  end  resting  in  a 
jewel  cup  J  ;  its  upper  end  has  no  mechanical  support,  but 


Fig.  7.— General  Arrangement  of  Astatic  Frictionless  Meter. 

is  maintained  in  position  by  the  magnetic  attraction  of  an 
iron  rod  R,  which  is  magnetised  by  the  brake  magnets  M  M 
through  an  iron  yoke  Y  and  forms  the  supporting  pole. 
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The  distance  between  R  and  the  end  of  the  axle  is  adjusted 

by  screwing  R  in  the  yoke  Y  until  the  vertical  force  nearly 

suffices  to  lift  the  whole 

weight  of  the  armature, 

brake,  and   other  parts 

attached    to    the    axle. 

The      arrangement      is 

more    clearly    seen    in 

Fig.  8,  which  is  a  section 

through    the    magnetic 

pivot.    A  magnetic  pivot 

of  this  type  may  easily 

be  made   to  support  a 

weight  of  from    loo  to 

200  grammes. 

The  commutator  K 
is  placed  beneath  the 
armature^  and  the  wheel 
brushes  b  b  are  pivotted 
in  frames  attached  to 
an  ebonite  plate  E.  The 
commutator  and  brushes 
are  shown  on  an  en- 
larged scale  in  Fig.  9. 
The  segments  are  fine 
iridio-platinum  wires 
supported  at  one  end 
in  an  ivory  collet  and 
entirely  free  at  the  other 
end,  where  they  im- 
pinge and  roll  on  the 
brush  wheels.  The  com- 
mutator is  about  3  mms. 
in  diameter  at  the  rol- 
ling circle ;  the  wheels 
are  about  36  mms. 
diameter,  so  that  they 
make  one  revolution  to 
twelve  revolutions  of 
the  commutator. 

The  pressure  current  is  led  to  the  brush  wheels  through 
their  frames,  and  to  ensure  good  contact  between  frame  and 
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Fig.  8. — Axial  Section  showing  Details  of 
Magnetic  Suspension  in  a  Frictionless 
Meter. 

Y  iron  yoke  between  the  brake 


M. 

R. 
a. 
e. 

L, 


Brake  magnet ; 

magnets. 

Iron  rod  forming  supporting  pole  U. 
Iron  axle  having  upper  end  S  beneath  pole  N. 
End-plate  (non-magnetic). 
Guaid  ring  to  prevent  axle  from  being  displaced. 
Brake  dish. 

Step  bearing  wth  jewel  cup  J. 
Axle  bearing  frame. 
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wheel  the  step  bearing  of  each  wheel  is  an  iridio-platinum 
pivot  resting  on  a  iBat  plate  of  the  same  metal. 

A  drum-winding  is  used  for  the  armature,  a  break  being 
made,  in  the  ordinary  course  of  winding,  in  each  parallel,  in 
order  to  insert  the  two  little  coils  Di  Dg.  Thus  Dj  is  in 
series  with  one  of  the  two  parallels  of  the  drum-winding, 
and  Da  in  series  with  the  other ;  they  are  consequently 
each  traversed  by  one  half  of  the  whole  armature  current, 
and  since  they  are,  electrically,  a  part  of  the  armature- 
circuit,   the   current   in   them    is  reversed  twice    in   each 


Fig.  9. — Elastic  Commutator. 

a,  Ax\c     r,  Insulating  collet;  wtv,  Iridio-platinum  wires  forming  commutator  segments: 
b,  Brush  wheels  ;  f  p,  Iridio-platinimi  pivots  ;  /  /,  Iridio-platinum  l>earing  plates. 

revolution  of  the  axle.  Di  and  Dg  are  inserted  at  corre- 
sponding points  of  the  drum-winding,  so  that  their  currents 
reverse  at  the  same  instant,  and  they  are  coupled  up  so 
that  the  two  currents  iBow  in  the  same  direction  and  to 
all  intents  and  purposes  D,  and  Da  behave  like  one  coil. 

Fig.  10  shows  the  connections  of  the  train-driving  coils 
in  diagrammatic  form,  a  Gramme  winding  being  substituted 
for  the  drum  for  the  sake  of  clearness. 

Surrounding  the  train  coils  Di  and  Da,  but  not  touching 
them,  is  a  ring  of  soft  iron  P  (Fig.  7),  forming  part  of  an 
iron  lever  L,  mounted  on  an  horizontal  axle  p.  L  is  mag- 
netised by  induction  from  one  of  the  brake  magnets,  an 
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iron  bar  G  serving  to  complete  the  magnetic  circuit  between 
S  and  n.  The  induction  leaves  the  ring  pole  P  and  passes 
radially  through  the  train  coils  into  the  axle,  and  P  con- 
sequently experiences  a  vertical  force  alternately  upwards 
and  downwards  as  the  currents  in  the  train  coils  periodically 
reverse.  The  result  is  that  L  oscillates  on  its  axis,  making 
a  double  stroke  or  complete  cycle  once  in  every  revolution 
of  the  armature.  The  motion  of  the  lever  is  limited  by 
stops,  and  is  communicated  by  means  of  a  pawl  to  a  ratchet 
wheel  W,  which  is  attached  to 
the  first  axle  of  the  counting- 
train  T. 

It  will  be  seen  at  once  that 
this  device  opposes  no  retarding 
moment  on  the  armature  axle. 
The  only  mechanical  force  called 
into  play  is  in  a  vertical  direc- 
tion and  has  no  component 
tending  to  turn  the  axle.  The 
train  coils  and  magnetised  lever 
form  a  reciprocating  electric 
motor,  and,  during  the  time  the 
ring  pole  is  moving  up  (or  down) 
there  is  a  back  E.M.F.  in  the  train 
coils,  and  the  product  of  this  back 
E.M.F.  into  the  armature  current 
and  the  time  gives  the  consump- 
tion of  electrical  energy  per  stroke. 
It  is,  of  course,  equal  to  the 
mechanical  work  done — product 
of  force  on  P  into  length  of 
stroke.  The  force  actually  pro- 
vided is  far  greater  than  that  necessary  to  drive  the  train. 
The  friction  of  an  ordinary  train  is  just  overcome  by  a 
turning  moment  of  about  4  dyne  cms.  applied  to  the  worm 
or  pinion  commonly  used  on  a  meter  axle  to  gear  into  the 
first  wheel  of  the  train ;  6  dyne  cms.  will  generally  keep  a 
train  running  at  a  speed  a  good  deal  higher  than  any- 
thing save  a  short  circuit  can  produce.  The  Author  has 
tested  many  trains  taken  out  of  different  electric  meters, 
and  curiously  enough  they  differ  very  little  as  regards 
friction. 


Fig.  10.  —  Diagram  of  Connec- 
tions between  Annature  and 
Train  Coils. 
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Now  if  the  train  were  geared  to  the  axle  in  the  usual 
manner,  and  required  a  moment  of  6  dyne  cms.  to  keep  it 
going,  the  work  done  by  the  meter  in  driving  the  train, 
being  of  course  2w  times  this  moment  in  each  revolution, 
would  be  about  38  ergs.  The  stroke  of  the  train-driving  lever 
is  about  I'D  cm.,  so  that  the  force  upon  it  must  be  at  least 

3—=:  38  dynes.     The  force  actually  obtained  is  about  750 

dynes,  which  leaves  an  ample  margin  for  accidental  friction. 


Fig.  II.— Train  Coils  and  Lever  for  Alternate  Currents. 

It  is  assumed  that  the  lever  does  no  useful  work  on  its 
return  stroke. 

A  number  of  different  forms  of  this  train  driver  have 
been  designed,  and  several  of  them  have  been  tested  in 
actual  work.  Fig.  11  shows  a  modification  characterised  by 
the  same  fundamental  principle,  namely,  a  coil  producing  an 
alternately  upward  and  downward  force  upon  the  free  end 
of  a  lever.  In  this  modification  the  two  train  coils  Di  and  Da 
are  coupled  back  to  back,  so  that  they  produce  a  consequent 
pole  in  the   space   between   them,  and   the    movable   coil 
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attached  to  the  end  of  the  lever  is  alternately  forced  up  and 
down.  This  coil  forms  part  of  the  series  resistance  in  the 
armature  circuit,  and  carries  the  whole  of  the  pressure 
current.  Fig.  ii  is  intended  for  alternate-current  meters, 
where  a  permanently  magnetised  lever  would,  of  course,  be 
useless. 

There  are  other  features  in  the  design  of  the  meter  which 
will  be  of  interest  to  station  engineers,  but  which  are  hardly 
of  sufficient  general  interest  to  warrant  such  a  detailed 
description  as  has  been  given  of  the  means  adopted  to  reduce 
friction.  The  whole  of  the  working  parts  of  the  meter,  with 
the  exception  of  the  main  current  coils,  are  attached  to  a  , 
light  framework,  which  is  bolted  to  the  top  of  the  casting 
which  forms  the  back,  top,  and  bottom  of  the  meter  case. 
The  other  three  sides  of  the  case  are  formed  by  a  bent  sheet 
of  zinc,  which  is  screwed  and  sealed  to  the  casting.  The 
terminals  project  below  the  bottom  and  are  covered  by  an 
insulating  box,  which  may  be  sealed  after  connecting  up  on 
the  consumers'  premises.  The  Foucault  brake  is  in  the  form 
of  a  shallow  dish,  and  the  two  brake  magnets  are  fixed  in 
positions  which  make  it  impossible  for  any  excess  of  current 
in  the  main  coils  to  demagnetise  them.  Their  stray  field 
is  at  right  angles  to  that  of  the  main  coils. 

Range  of  Frictionless  Meter. 

A  meter  in  which  frictional  resistance  is  so  small  as  3  dyne 
cms.  will  obviously  have  an  unusually  long  range,  even  if 
nothing  be  done  to  correct  the  small  remaining  friction  error. 
If  the  same  limits  are  imposed  as  were  assumed  in  making 
up  Table  I.,  namely,  about  i  volt  drop  in  the  main  coils 
and  3  watts  wasted  in  the  pressure  circuit,  the  meter  may 
be  wound  to  give  a  maximum  driving  torque  of  15,000  dyne 
cms.  The  friction  is  then  only  0*02  per  cent,  of  the  full- 
load  torque.  The  resulting  range  and  uncorrected  errors 
are  set  out  in  Table  II. 

It  will  be  seen  that  the  Standard  Range  of  this  uncorrected 
meter  is  i  to  250.  The  range  may  be  greatly  extended  by 
introducing  a  device  to  compensate  for  friction,  and  the  very 
long  range  of  such  compensated  meters  may  be  useful  in 
special  cases. 

The  Author  believes,  however,  that  if  advantage  is  taken 
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of  the  enormous  reduction  in  friction  to  improve  the  meter 
in  other  ways,  even  at  a  sacrifice  of  some  part  of  the  long 
range,  a  more  generally  serviceable  instrument  will  be 
secured.  An  examination  of  the  available  statistics*  with 
regard  to  numbers  of  consumers  and  the  lamps  (or  equivalent 
load)  connected  to  the  mains  of  the  supply  undertakings  of 
this  country,  shows  that  on  an  average  about  fifty  8-c.p. 
lamps  or  their  equivalent  are  wired  per  consumer.  If  we 
assume  these  to  be  40-watt  lamps,  the  maximum  load  of  the 
average  consumer  will  be  about  2,000  watts  and  his  minimum 
about  40  watts.  Now,  although  the  maximum  demand  of 
the  consumer  will  not  much  exceed  half  this  amount  (the 
"  maximum  demand  "  for  nine  of  the  largest  undertakings 
in  London  is  46  per  cent,  of  the  total  load  connected),  the 
meter  installed  may  be  assumed  to  be  wound  for  2,000  watts, 
so  that,  if  the  meter  is  to  register  correctly  at  the  smallest  load, 
its  range  must  at  least  be  i  to  50.  It  is,  of  course,  quite 
probable  that  within  a  few  years  consumers  will  be  using 
lamps  taking  far  less  power,  but  there  is  no  reason  to  believe 
that  the  ratio  of  smallest  load  to  maximum  load  will  be 
much,  if  at  all,  affected  by  the  introduction  of  more 
economical  lamps.  The  Standard  Range  may  then  be 
reduced  to  i  to  50,  but  any  further  decrease  will  be  at 
the  expense  of  revenue. 

A  reduction  of  range  enables  us  largely  to  reduce  the 
power  wasted  in  the  armature  circuit,  but  a  limit  to  this 
reduction  is  imposed  by  the  fineness  of  the  wire  it  is  possible 
to  employ  upon  the  armature  and  in  the  series  resistance. 
On  this  account  it  is  at  present  not  advisable  to  reduce  the 
pressure  current  below  0*01  amperes,  and  this  value  has 
therefore  been  adopted  for  all  voltages.  The  waste  of  power 
in  the  armature  circuit  is  then  i  watt  for  100  volts,  2  watts 
for  200  volts,  and  so  on. 

The  voltage  drop  in  the  main  coils  may  be  left  at  i  volt, 
this  being  only  one-half  per  cent,  on  the  200-volt  supply 
which  is  now  being  rapidly  adopted.  An  additional  im- 
provement in  accuracy  has  been  secured  by  making  the 
meter  astatic,  so  that  it  is  not  affected  by  external  magnetic 
forces. 


*  The  author  has  made  use  of  the  excellent  analyses  published  by  Lightning, 
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Astatic  Meter. 

The  astatic  meter  has  its  armature  divided  into  two  equal 
portions,  placed  one  above  the  other,  on  the  axle,  as  shown 
in  Fig.  7.  These  two  parts,  although  physically  separated, 
form  one  complete  drum-winding  connected  to  a  single 
commutator.  Following  the  process  of  winding  a  drum, 
the  first  coil  will  be  wound  on  the  lower  spider ;  the  second 
will  be  wound  on  the  upper  spider  in  exactly  the  same 
position  as  regards  azimuth  as  it  would  ordinarily  occupy 
if  wound  on  the  lower  armature,  but  it  is  wound  in  the 
opposite  sense.  The  third  coil  is  on  the  lower  spider ;  the 
fourth  on  the  upper  and  reversed  in  sense.  Thus  numbering 
the  coils  in  succession,  all  the  odd  numbers  will  be  found 
on  the  lower  half  armature  and  all  the  even  numbers  will 
be  found  on  the  upper  half. 

Each  half  armature  is  surrounded  by  its  own  pair  of 
main-current  coils,  the  two  pairs  being  coupled  so  that  the 
current  flows  in  them  in  opposite  senses,  their  magnetic 
fields  being  in  opposite  directions.  This  reversed  coupling 
is,  of  course,  necessary  to  drive  both  parts  of  the  armature 
the  same  way,  but  it  has  the  incidental  advantage  that  it 
greatly  reduces  the  stray  field  of  the  main  coils,  and  so 
renders  the  brake  magnets  doubly  secure  against  excessive 
currents. 

The  advantage  of  an  astatic  armature  is,  however,  only 
gained  at  the  cost  of  a  reduction  in  driving  torque,  for  a 
little  consideration  will  show  that  when  a  non-astatic  drum 
armature  is  converted  to  the  astatic  form  shown  in  Fig.  7, 
and  one  half  of  the  copper  on  the  main  coils  is  taken  off  and 
made  up  into  a  second  pair  of  coils,  so  that  each  of  the  two 
parts  of  the  armatures  may  be  driven,  the  field  in  which  the 
armature  rotates  is  halved  although  the  number  of  turns  on 
the  armature  itself  remains  the  same  as  before.  Probably 
very  few  consumers  possess  the  requisite  combination  of 
knowledge  and  knavery  to  enable  them  to  attempt  a  reduc- 
tion of  their  electric  light  bill  by  the  use  of  a  strong  magnet 
placed  near  the  meter,  but  meters  are  always  liable  to  be 
fixed  in  positions  where  stray  fields  exist,  and  the  author 
is  inclined  to  believe  that  the  astatic  armature  will  prove 
to  be  a  clear  gain. 

To  sum  up — the  astatic  meter  is  wound  to  give  a  driving 
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torque  of  about  2,000  dyne  cms.  at  full  load  ;  the  current  in 
the  armature  circuit  being  10  milliamperes  and  the  drop  in 
the  main  coils  i  volt.  The  frictional  resistance  is  about 
2  dyne  cms.  when  the  meter  is  new,  and  the  tests  to  be 
presently  referred  to  show  that  a  frictionless  meter  will  run 
for  many  million  revolutions  before  any  serious  increase  in 
friction  takes  place. 

Compensation  for  Remaining  Friction. 

The  initial  value  of  friction  is  compensated  for  by  means 
of  a  little  strip  of  sheet  iron  placed  within  the  field  of  the 
main  coils.  When  once  magnetised  by  the  main  current 
the  coercive  force  of  the  iron  is  sufficient  to  provide  the  very 
small  driving  moment  required  to  overcome  friction.  As 
has  already  been  pointed  out,  compensation  for  friction  will 
cause  a  meter  to  run  at  no  load  if  it  is  subjected  to  vibra- 
tion ;  but  when  friction  is  only  a  very  minute  fraction  of  the 
maximum  driving  torque,  the  over-registration  of  a  corrected 
meter  would  be  quite  negligible  even  if  it  could  occur,  but 
as  a  matter  of  fact  the  elastic  commutator  has  a  directing 
moment  upon  the  axle  which  prevents  the  meter  from 
running  until  the  driving  torque  is  two  or  three  times  as 
great  as  the  moment  of  friction.  Hence  it  is  impossible  for 
the  compensator  to  start  the  meter  or  to  keep  it  running. 
The  corrected  meter  starts  with  from  i/5ooth  to  i/3ooth  of 
full  load,  and  has  a  standard  range  of  about  i  to  200. 

The  range  and  accuracy  of  a  corrected  meter  are  well 
exemplified  by  the  two  curves  given  in  Fig.  li,  which 
show  the  variation  in  the  constants  of  two  meters  having 
a  ratio  of  about  i  to  1,250  between  friction  and  full-load 
torque.  This  happens  to  be  approximately  the  same  ratio 
as  that  it  is  proposed  to  adopt  as  a  reasonable  compro- 
mise between  the  conflicting  elements  of  accuracy  and 
waste  of  power,  so  that  although  these  meters  have  a 
much  larger  frictional  resistance  than  is  now  obtained, 
yet  as  regards  accuracy  and  range  they  are  very  nearly 
identical  with  the  astatic  meter.  The  latter  has  much 
less  driving  torque,  but  its  frictional  resistance  is  smaller 
by  a  corresponding  amount. 

The  larger  friction  in  Meters  Nos.  3  and  4  arises  from 
the  fact  that  they  were  made  before  the  adoption  of  the 
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elastic  commutator  and  other  improvements.  They  are 
fitted  with  very  small  commutators  with  rigid  sections 
made  of  iridio-platinum  wires,  which  form  a  sort  of 
squirrel-cage  round  the  axle.  The  diameter  of  the  com- 
mutator is  about  -j^".  Fine  wire  brushes  are  used,  press- 
ing very  lightly  upon  the  commutator.  The  frictional 
resistance  in  Meter  No.  3  is  79  dyne  cms.,  and  the 
driving  torque  at  full  load  is  10,000  dyne  cms.  The  corre- 
sponding quantities  in  Meter  No.  4  are  approximately  the 
same,  but  they  were  not  accurately  measured.  These 
meters  are  corrected  by  a  thin  steel  rod  having  the 
necessary  coercive  force,  and,  as  will  be  seen  on  refer- 
ence to  the  curves,  they  are  both  slightly  under-corrected. 
The  Board  of  Trade  limits  are,  however,  nowhere  exceeded 
throughout  the  whole  range  from  o  to  5,000  watts." 


Tests  for  Endurance. 

There  would  be  little  advantage  in  any  reduction  of 
friction  which  was  either  not  permanent  or  obtained  at 
the  cost  of  great  delicacy  of  adjustment,  and  therefore 
liable  to  increase  whenever  the  adjustment -was  accident- 
ally disturbed.  Prolonged  trial  in  actual  service  is,  of 
course,  the  only  conclusive  test  of  the  trustworthiness  of 
any  novel  apparatus,  but  the  tests  to  which  the  friction- 
less  meter  is  being  subjected  show  already  that  the 
mechanism  has  a  remarkable  power  of  endurance.  Two 
meters  had  been  made  in  1898,  and  after  many  trials 
with  different  forms  of  commutator  and  train  driving 
apparatus,  in  the  course  of  which  No.  i  meter  had  made 
between  three  and  four  million  revolutions,  the  elastic 
commutator  was  fitted  to  this  meter,  and  after  prelimi- 
nary tests  for  friction  it  was  put  on  to  a  lOO  -  volt 
circuit  on  the  25th  of  May,  1899,  and  driven  at  80 
revolutions  per  minute  by  means  of  permanent  magnets 
placed   near  the   armature,  this   method  of    driving  being 

*  Meters  Nos.  3  and  4  are  in  use  in  the  meter  testing  department  of  the 
Manchester  Corporation  as  standards  for  checking  the  accuracy  of  other 
meters  intended  for  commercial  purposes,  and  the  author  is  indebted  to 
Mr.  Wordinghain  for  his  permission  to  make  use  of  the  curves  which 
accompanied  the  Board  of  Trade  certificate.  He  desires  also  to  thank 
Mr.  Rennie,  who  very  kindly  supplied  a  copy  of  the  tests  made  at  the 
Board  of  Trade  Laboratory. 
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adopted  in  order  to  avoid  waste  of  current  in  the  main 
coils.  This  meter  has  been  running  continuously  since 
that  date,  with  the  exception  of  the  few  hours  occupied 
in  making  friction  tests.  The  tests  made  up  to  the  date 
of  writing  are  given  in  Table  III.  The  revolutions  are 
reckoned  from  the  day  when  the  test  began,  and  give  the 
total  made  by  the  commutator  correctly ;  but,  as  already 
mentioned,  the  meter  had  previously  run  for  over  three 
million  revolutions,  so  that  the  step  bearing  has  been 
subjected  to  so  much  more  wear  and  tear.  The  standard 
pressure  current  is  lo  milliamperes,  but  for  the  purpose 
of  this  test  it  was  raised  to  i8-2  milliamperes  in  order  to 
make  the  energy  running  down  in  sparks  upon  the  com- 
mutator when  the  train  coils  are  reversed  the  same  as  it 
is  with  the  standard  size  of  train  coil — No.  i  being  fitted 
with  a  smaller  train  coil.  This  increase  of  current  in- 
creavSes  the  sparking  on  all  the  sections,  so  that  the  total 
energy  tending  to  destroy  the  commutator  is  far  greater 
than  it  is  with  a  standard  train  coil.  During  the  first 
few  weeks  some  sparking  was  visible,  but  this  has  gradu- 
ally diminished  until  at  the  present  time  sparks  are  only 
seen  occasionally.  There  is  no  apparent  wear  either  on 
the  commutator  wires  or  on  the  brush  wheels.  Platinum 
in  the  form  of  black  powder  clings  to  the  inside  of  the 
wires,  and  has  also  settled  in  a  ring  round  the  axle  inside 
the  commutator ;  otherwise  there  is  no  visible  change. 
It  is  possible  that  the  presence  of  the  powder  accounts 
for  the  diminution  of  sparking ;  the  energy  may  be  absorbed 
in  heating  up  the  powder,  which  quite  possibly  acts  as  a 
variable  resistance,  and  so  ensures  a  gradual  reduction  of 
the  current  to  zero  instead  of  a  sudden  interruption  and 
consequent  spark.  On  the  other  hand  the  commutator 
may  still  be  sparking  as  at  first,  and  the  powder  may  simply 
prevent  the  sparks  from  being  seen. 

As  soon  as  it  was  seen  that  the  elastic  commutator  was  a 
step  in  the  right  direction.  No.  2  meter  was  similarly  fitted, 
but  with  a  commutator  having  much  finer  wires — about 
4  mils,  diameter — and  with  brass  brush  wheels  lightly  gilt 
upon  their  edges.  After  long  tests  with  different  pivots, 
during  which  time  the  elastic  commutator  mad^  three 
and  a  half  million  revolutions,  No.  2  meter  was  put  on 
to  the  100-volt  circuit  on   October  12th,   1899,  and  it  has 
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been  running  at  about  57  revolutions  per  minute  day 
and  night  since  that  date.  Periodical  friction  tests  have 
been  made,  and  the  results  are  given  in  Table  IV.  No.  2 
meter  is  fitted  with  a  standard  train  coil  and  the  pressure 
current  was  therefore  fixed  at  the  normal  value — namely,  10 
milliamperes.  No  appreciable  wear  is  visible  on  the  com- 
mutator wires,  but  a  curious  change  has  gradually  become 
apparent  in  the  brush  wheels.  Where  they  roll  in  contact 
with  the  iridio-platinum  wires  their  edges  have  acquired  a 
smooth  deposit  of  platinum,  and  under  a  magnifying  glass 
they  have  the  characteristic  appearance  of  a  surface  which  - 
has  been  platinised  by  the  ordinary  electro-chemical  process. 

During  these  tests  no  adjustments  or  alterations  of  any 
kind  have  been  made  in  the  meters,  nor  have  any  pre- 
cautions been  taken  to  keep  dust  and  dirt  away  from 
them.  They  are  running  in  a  dirty  workshop  with  loose 
covers  over  them,  and  the  slowly  increasing  friction 
noticed  with  No.  2  meter  is  probably  due  to  the  col- 
lection of  dust — which  is  very  visible — within  the  step 
bearing  and  in  the  brush-wheel  bearings.  The  normal 
speed  at  full  load  has  been  fixed  at  50  revolutions  per 
minute,  so  that  No.  2  meter  is  running  14  per  cent,  and 
No.  I  meter  60  per  cent,  above  full  speed. 

If  we  assume  the  average  consumer  to  use  the  equivalent 
of  1*8  hours  at  full  load  each  day,  his  meter  will  at  the  above 
speed  (50  revs,  per  minute)  make  2,000,000  revolutions  per 
annum.  No.  2  meter  has  therefore  been  subjected  to  wear 
and  tear  corresponding  to  five  years'  service,  while  No.  i 
meter  has  run  for  a  period  corresponding  to  about  14  years. 
These  figures  are  mentioned  in  order  to  enable  the  value  of 
the  tests  to  be  estimated  with  some  sense  of  proportion ; 
they  are  not  adduced  as  in  any  way  a  substitute  for  the 
test  of  hard  work  under  all  the  varying  conditions  neces- 
sarily imposed  upon  supply  meters  in  every-day  use. 

Possibility  of  Further  Reductions  in  Friction. 

The  results  so  far  obtained  and  an  examination  of  the 
causes  of  the  remaining  friction  afford  some  ground  for 
believing  that  its  limiting  value  has  not  yet  been  reached. 
The  calculated  value  of  the  total  frictional  resistance  in 
Meter  No.  2  (see  Appendix)  is  i-6  dyne,  cms.,  I'l  being 
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attributable  to  the  step  bearing  and  0'5  to  the  brush- 
wheel  bearings.  It  is  quite  possible  to  use  aluminium 
wheels  and  so  reduce  the  pressure  on  their  step  bearings 
to  about  one-half  of  the  present  amount,  reducing  this 
part  of  the  friction  to  o'25.  The  pressure  of  the  steel 
point  upon  the  jewel  of  the  armature  axle  bearing  can 
be  reduced  by  coupling  the  train  coils  back  to  back, 
as  in  Fig.  ii,  so  as  to  eliminate  the  effect  they  now  have 
in  alternately  increasing  and  diminishing  the  induction 
through  the  axle  and  supporting  pole.  If  at  the  same 
time  some  means  can  be  found  to  prevent  the  axle  from 
accidentally  rising  from  the  step  bearing,  the  only  abso- 
lutely unavoidable  pressure  downwards  will  be  about  i 
gramme,  an  amount  which  is,  of  course,  necessary  to 
prevent  the  mutual  force  between  the  train  lever  and  the 
train  coils  from  lifting  the  axle.  To  err  on  the  safe  side, 
we  may  assume  that  it  is  possible  to  reduce  the  pressure 
from  12  grms.  to  about  2  grms.,  the  corresponding  re- 
duction in  friction  being  from  I'l  to  about  0*2  dyne  cms. 
Hence  it  seems  not  impossible  to  reduce  the  i*6  dyne  cms. 
of  total  calculated  friction  to  0*45,  or  say  0*5  dyne  cms.,  a 
reduction  of  I'l.  This  should  be  subtracted  from  the 
lowest  observed  value  of  the  frictional  resistance  in  No. 
2  meter,  and  would  bring  the  initial  friction  in  a  new 
meter  down  to  about  i  dyne  cm. 

Again,  the  moment  of  frictional  resistance  per  gramme 
weight  upon  the  step  bearing  depends  on  the  acuteness 
of  the  steel  point  resting  upon  the  cup  jewel.  In  the 
meters  hitherto  tested  no  attempt  has  been  made  to 
secure  a  fine  steel  point.  The  point  having  been  ground 
to  an  angle  of  about  30  degrees,  is  rounded  off  at  the 
tip  until  it  forms  a  hemispherical  end  of  from  5  to  7 
mils,  radius.  This  rests  in  a  sapphire  cup  of  from  20 
to  40  mils,  radius,  and  although  two  spherical  surfaces  of 
different  radius  ought  to  touch  in  a  point  quite  inde- 
pendently of  the  ratio  of  their  radii,  it  is  obvious  that  in 
practice  we  must  look  upon  our  spherical  steel  point  as 
one  with  a  rough  surface  making  contact  with  the  jewel 
in  a  number  of  points  distributed  over  a  very  small  and 
approximately  circular  area,  the  diameter  of  which  will 
depend  on  the  ratio  of  the  radii  of  jewel  and  point,  and 
upon  the  smoothness   of  the  two   surfaces.     Now  as  the 
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formula  for  point  friction  indicates  (see  Appendix),  the 
moment  of  friction  is  proportional  to  the  diameter  of 
contact,  so  that  we  may  expect  a  decrease  in  moment  if 
we  diminish  the  radius  of  the  spherical  point — an  expec- 
tation which  is,  of  course,  borne  out  by  the  result  of  every- 
day experience.  Whether  the  reduction  so  brought  about 
will  be  permanent  depends  on  how  far  the  gradual  bur- 
nishing of  the  steel  by  the  jewel  is  affected  by  the  pressure 
per  unit  of  contact  surface,  and  on  the  effect  of  the  bur- 
nishing itself  upon  the  co-efficient  of  friction.  No  data 
drawn  from  engineering  experience  are  likely  to  afford 
any  clue  to  the  answer  to  these  questions,  and  no  means 
have  hitherto  existed  for  obtaining  a  direct  answer  by 
experiment.  The  Author  is  now  investigating  the  behav- 
iour of  different  kinds  of  step  bearings  for  use  in  meters 
with  a  view  to  the  determination  of  the  type  having  the 
greatest  power  of  endurance. 

Engineers  accustomed  to  dealing  with  power  in  kilowatts 
and  friction  measured  by  hot  bearings  will  be  inclined  to 
regard  all  such  discussion  of  apparently  insignificant 
details  as  so  much  industry  wasted  in  the  splitting  of 
hairs.  It  will  however,  be  agreed  that  we  cannot  be 
said  to  have  solved  the  problem  of  metering  electric 
energy  until  meters  possessing  an  adequate  range  and 
accuracy  can  be  so  constructed  that  they  may  be  relied 
upon  for  many  years'  service  without  need  of  adjustment 
or  repair. 

In  this  matter  we  may  learn  something  from  the  gas 
meter,  of  which — in  spite  of  much  unmerited  and  ignorant 
abuse — it  may  safely  be  said  that  while  in  point  of  accuracy 
it  compares  not  unfavourably  with  the  average  electric 
meter,  in  other  respects  it  is  far  in  advance  of  any 
electric  meter  at  present  in  use.  The  value  of  gas  to  a 
consumer  depends  upon  its  calorific  and  illuminating 
powers,  and  only  in  a  minor  degree  upon  its  pressure. 
Hence  the  gas  meter  may,  and  does,  absorb  a  large 
fraction  of  the  available  pressure  without  much  disad- 
vantage to  the  user,  and  its  remarkable  power  of  endur- 
ance has  been  brought  about  by  the  use  of  a  motor  capable 
of  doing  a  far  larger  amount  of  work  than  is  required  to 
overcome  friction,  even  when  the  mechanism  is  much 
worn   by   use.      A  properly  made  gas  meter  may   be  in- 
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stalled  upon  the  consumer's  premises  and  remain  there 
in  constant  use  without  adjustment  or  repair  of  any  kind 
for  from  ten  to  fifteen  years  before  the  motor  is  suffi- 
ciently worn  to  cause  a  serious  error.  With  an  electric 
supply,  on  the  other  hand,  energy  is  what  the  consumer 
wants  and  what  he  pays  for,  and  for  lighting  purposes 
he  must  have  the  energy  supplied  at  constant  pressure ; 
hence  the  electric  meter  cannot  be  allowed  to  absorb  more 
than  a  very  small  fraction  of  the  energy  and  pressure  of 
supply.  The  mechanical  power  of  the  electric  meter  being 
therefore  limited  by  the  conditions  of  supply,  it  is  only  by 
diminishing  friction  and  wear  and  tear  that  we  can  hope 
to  attain  and  maintain  the  required  accuracy  throughout 
many  years  of  service.  From  this  point  of  view  it  is  clearly 
of  the  greatest  importance  that  every  cause  of  mechanical 
friction  should  be  ascertained  and  as  far  as  possible  removed. 
It  was  with  this  conviction  that  the  Author,  quite  in  the 
early  days  of  public  electric  supply,  set  about  devising  means 
for  diminishing  meter  friction,  and  the  outcome  of  a  good 
many  years  of  experimental  work  is  the  meter  described  in 
this  paper.  It  is  not  claimed  for  it  that  it  is  in  all  respects 
the  ideal  of  what  a  meter  should  be,  but  the  Author  hopes 
it  may  be  regarded  as  a  step  in  the  right  direction. 

Note. — ^The  Author  desires  to  acknowledge  his  indebted- 
ness to  Mr.  Cox,  who  has  the  charge  of  the  Experimental 
Department  at  Woodfield  Works.  During  three  years' 
continuous  work  upon  the  meter  Mr.  Cox's  fertility  of 
resource  and  inexhaustible  patience  have  surmounted  many 
difficulties  and  led  to  numerous  improvements. 


APPENDIX. 

CALCULATION   OF  ARMATURE  TORQUE,  BRAKE  TORQUE, 
AND   FRICTIONAL  RESISTANCE. 

I.  Armature  Torque. 

In  designing  an  Ayrton-Perry  motor  meter  the  driving  torque  may 
be  calculated  from  the  formula — 

._HaNC 

IT 

which  gives  the  torque  d  in  terms  of  H  the  field  of  the  main  current 
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coils,  a  the  area  of  the  average  turn  of  wire  on  the  armature,  N  the 
total  number  of  turns  in  the  armature  winding,  and  C  the  whole 
pressure  current  from  brush  to  brush. 

A  sufficiently  close  approximation  to  the  true  mean  value  of  the 
field  throughout  the  space  occupied  by  the  armature  is  obtained  by 
calculating  H  at  several  points  of  the  axis  of  the  main  coils,  and  taking 
an  average.  When  the  coils  are  rectangular,  the  field  on  the  axial  line 
may  be  deduced  from  the  formula — 


which  gives  the  field  at  the  centre  of  a  wire  rectangle  whose  sides  are 
p  and  q.    If  the  coil  is  square,  this  reduces  to 

8  V^C 

p  being  now  the  side  of  the  square.  The  field  at  the  centre  of  a 
circular  wire  being 

we  find  that  if  r^  -56^  the  circular  and  square  wires  will  have  the  same 
field  ;  hence  for  purposes  of  calculation  a  circular  coil  of  appropriate 
radius  may  be  substituted  for  the  square  coil. 

There  are,  of  coarse,  various  methods  for  arriving  at  an  exact  value 
for  H,  but  as  they  involve  applications  of  spherical  harmonics  they 
are  far  too  cumbersome  for  practical  use  in  design. 

When  the  meter  is  made,  its  driving  torque  is  easily  measured  by 
passing  a  fine  thread  round  the  axle  and  hanging  a  known  weight 
on  the  end.  When  the  axle  is  vertical,  the  thread  is  brought  out  in 
a  horizontal  direction  from  the  axle  and  passed  over  a  freely  pivotted 
pulley,  from  which  it  hangs  down  carrying  the  weight  at  its  end.  To 
avoid  side  pressure  against  the  axle  bearings  it  is  desirable  to  use  two 
threads  brought  away  from  the  axle  in  opposite  directions  and  each 
carrying  half  the  weight  so  that  a  proper  turning  moment  is  pro- 
duced. Having  adjusted  the  thread  and  weights,  current  is  turned  on, 
and  varied  until  the  armature  torque  just  balances  the  weight.  When 
the  full-load  torque  is  small,  it  is  desirable  to  make  this  measurement 
with  two  or  three  times  the  full-load  current,  otherwise  the  weight 
required  will  be  too  small  to  enable  accurate  results  to  be  obtained. 
The  calculated  torque  is  found  to  agree  within  2  or  3  per  cent  with 
that  obtained  directly  by  measurement. 

II.  Brake  Torque. 

The  difficulty  of  determining  the  average  path  of  the  eddy  current 
in  a  given  brake  conductor  prevents  us  from  predetermining  the  torque 
unless  we  have  previously  ascertained  the  effective  electrical  resistance 
of  the  current  path  in  a  brake  of  similar  shape.    There  are,  however, 
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some  general  principles  applying  to  the  design  of  Foucault  brakes 
which  may  be  shortly  stated  here. 

Consider  a  cylindrical  conductor,  of  radius  r,  spinning  on  its  axis 
between  the  poles  of  a  magnet.  Let  the  polar  gap  have  a  breadth  b  and 
axial  length  /,  and  let  the  field  within  the  gap  be  H.  Then  if  x  is  the 
electrical  resistance  of  the  current  path,  and  ut  the  angular  velocity  of 
the  cylinder,  the  current  generated  will  be — 

Now  the  force  between  conductor  and  magnet  is  H  /  C,  hence  the 
torque  will  be 

M  =  — T— (') 

When  the  cylinder  extends  axially  for  some  distance  beyond  the  poles 
in  both  directions,  x  becomes  simply  proportional  to  the  resistance  of 
the  metal  in  the  gap.     Now  this  resistance  is 

t  being  the  thickness  of  the  metal.     We  can  therefore  write — 

The  value  of  k  depends  on  the  shape  of  the  polar  area,  and  on  the 
extent  of  conductor  outside  that  area.  The  author  finds  k  varies  from 
about  3  for  a  square  or  circular  area  of  gap  up  to  6  or  7  with  oblong 
poles,  even  as  high  as  9  or  10  when  there  is  very  little  metal  beyond 
the  poles.  Inserting  the  value  just  given  for  x  in  equation  (i)  and 
inultipl3ring  both  numerator  and  denominator  by  6,  we  get — 

or 

^^TTbT (') 

from  which  we  see  that  for  a  given  value  of  total  induction  B  passing 
through  the  brake  cyclinder,  the  torque  increases  as  the  area  6/  is 
diminished.  This  deduction  is  well  borne  out  in  practice,  and  by  giving 
the  brake  magnets  conical  poles  ending  in  a  circular  gap  of  small 
diameter  the  torque  for  a  given  weight  of  magnet  is  considerably 
increased  ;  or,  what  is  generally  more  important,  for  a  given  torque 
the  weight  of  metal  in  the  brake  may  be  greatly  reduced  by  using 
magnets  with  conical  poles. 

The  formula  also  shows  the  advantage  to  be  gained  by  increasing 
the  diameter  of  a  cylindrical  brake  ;  since  the  weight  only  increases 
in  simple  proportion,  while  the  torque  increases  in  proportion  to  the 
square  of  the  radius. 
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*        III.  Frictional  RESISTAN'CE. 

When  mechanical  friction  is  a  fairly  large  percentage  of  the  full- 
load  torque,  air  friction  may  be  safely  neglected ;  the  only  retarding 
forces  are  then  mechanical  friction,  which  is  practically  constant,  and 
the  brake  which  is  proportional  to  the  speed.  Hence  if  s,  and  s^  are 
the  observed  speeds  with  two  torques  rf,  and  ^a,  we  have — 

where /is  the  torque  required  to  overcome  friction,  and  b  is  the  brake 
torque  at  unit  speed.     Hence 

^  =  ^'~^L ,  ind  /=  ^ih^il-.. 

To  get  accurate  results,  stray  fields  must  be  eliminated  by  reversing 
the  current  in  the  main  coils  and  taking  a  second  set  of  readings  with 
the  same  numerical  values  for  rf,  and  d^. 

In  testing  the  friction  of  a  "  f rictionless  "  meter,  the  greatest  care  is 
required  in  measuring  speeds  and  torques,  and  it  is  necessary  to  reduce 
the  strength  of  the  brake  to  a  small  fraction  of  its  normal  value  in  order 
to  obtain  anything  like  accurate  results,  for  obviously  errors  of  observa- 
tion have  a  rapidly  increasing  effect  on  the  determination  of  /  as  the 
two  quantities  rf,  s,  and  rf,  s,  approach  each  other  in  magnitude.  Each 
of  the  results  given  in  Tables  III.  and  IV.  is  the  mean  of  a  number 
of  observations,  and  to  avoid  effects  due  to  want  of  truth  in  the  brush 
wheels  the  speeds  were  deduced  from  the  times  taken  to  make  i2 
(and  multiples  of  12)  revolutions  of  the  armature,  corresponding  with 
whole  revolutions  of  the  brush  wheels.  Even  with  the  utmost  care, 
discrepancies  of  as  much  as  10  or  15  per  cent,  in  successive  tests  are 
quite  usual  when  the  friction  is  under  3  dyne  cms. 

When  the  armature  and  brake  of  a  "  f rictionless "  meter  are  both 
figures  of  revolution  with  smooth  surfaces  air  friction  is  inappreciable 
up  to  speeds  of  40  or  50  revolutions  per  minute,  but  when  there  are 
any  parts  attached  to  the  axle  which  can  have  a  fan  action,  air  friction 
becomes  evident,  and  although  it  would  cause  no  appreciable  error  in 
the  registration  of  the  meter  when  the  normal  brake  is  in  use,  it  will, 
if  not  taken  into  account,  lead  to  an  underestimate  of  the  mechanical 
friction.  To  avoid  this,  observations  are  made  at  three  speeds  in  order 
to  determine  a  the  coefficient  of  air  friction,  as  well  as /and  b. 

Thus  assuming  the  air  friction  of  a  rotating  body  to  be  proportional 
to  the  square  of  the  speed,  we  have— 

d^  =/+  bs,  -f  as,' ;  d,=^f-\-  bs^  +  as^'  d^  =/+  bs^  +  as^', 

from  which  we  first  find  a,  then  6,  and  finally  the  mean  value  of  f, 

_  (^3  —  rf,)  (sa  —  5,)  —  (<4  —  d,)  53  —  5.) 
^  (^3  —  5»)  (^3  —  ^i)  (^»  —  ^0 

I       d^  —  d,      d^  —  dj         ,      .  ,     . 

3/=  ^3  +  ^/,  +  d,  *-  6{S3  -f  s,  +  s.)  -a(s3«  +  s^•¥s^^)' 
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The  air  friction  of  a  rotating  body  is  probably  not  exactly  propor- 
tional to  the  square  of  the  speed,  but  the  formula  is  found  to  agree  very 
closely  with  experiment. 

An  example  of  the  effect  of  air  friction  is  afforded  by  Meter  No.  5, 
in  which  each  of  the  two  parts  of  the  astatic  armature  is  made  up  of 
four  oblong  coils  wound  on  open  "  formers."  Such  an  arrangement 
naturally  fans  the  air,  and  experiment  showed  that  air  friction  at  speeds 
of  from  40  to  50  revolutions  per  minute  was  by  no  means  small  com- 
pared with  mechanical  friction.  The  brake  having  been  reduced  to 
about  one-sixteenth  of  its  full  strength,  the  following  readings  of  torque 
and  speed  were  taken  : — 

Meter  No.  5. 

Full-load,  100  volts  x  10  amperes. 

Full-load  torque,  1610  dynes  cm. ;  drop  '6  volt. 

Effect  of  air  friction  exaggerated  by  use  of  a  weak  brake. 


Volts. 

Amperes. 

d 
Dyne  cms. 

s  . 

Rcv8.  per  mln. 

100 

•10 

161 

6-58 

100 

•50 

805 

3740 

100 

I -CO 

i6ro 

72-60 

By  inserting  these  values  in  the  above  equations  we  find — 

/=3i6;  6=  1-95:  a  =  003. 

The  curve  of  the  meter  with  its  weakened  brake  is  shown  in  Fig.  13, 
where  tlic  lower  curve  line  is  drawn  to  the  equation — 

r/  =  3i6-f  1-955-1- "0035', 

while  the  upper  curve  (a  straight  line)  shows  what  the  law  of  this  meter 
would  have  been  if  no  air  friction  existed.  It  will  be  seen  that  at  80 
revolutions  per  minute  air  friction  amounts  to  as  much  as  19  dyne  cms. 
At  full  speed  (50  revolutions  per  minute)  the  driving  torque  is 
expended  as  follows  : — 

In  overcoming  mechanical  friction         ...       3-2  dyne  cms. 

„  „  air  friction ...       7*5      „      „ 

„  „  brake  torque        97*8      „      „ 

Total       108-5      "      n 

That  is  to  say,  with  the  weak  brake  air  friction  amounts  to  about  7  per 
cent,  of  the  whole  resistance  to  rotation.  With  the  brake  restored  to 
its  normal  strength  the  corresponding  figures  are — 
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Mechanical  friction 

Air  friction 

Brake  (full  strength) 

Total       16107 

It  will  be  seen  that  the  air  friction  is  now  less  than  one-half  per 
cent,  of  Ihc  total  resistance,  although  this  particular  meter  has  less 
torque  than  the  standard  now  adopted. 

Another  method  of  determining  friction  which  seemed  at  first  sight 
to  offer  several  advantages  is  to  run  the  meter  at  about  full  load,  and 
having  carefully  determined  the  speed,  at  a  given  instant  cut  off  the 
currents  and  note  the  time  taken  by  the  meter  in  coming  to  rest.  If 
at  any  instant  the  angular  velocity  is  w,  we  have  the  equation — 

-  </  w       .      .  ^  \ 

i^=/+6'«' (0 

wlicrc  I  is  the  moment  of  inertia  of  the  meter  axle  and  parts  attached 
to  it ;  /  is  the  mechanical  friction  as  before,  but  b  now  stands  for  brake 
torque  at  uait  angular  velocity,    (i)  gives  the  value — 


I  r   "'^ 


hence 

f-—rr--  ....  (2) 

e^  —  I 

(D,  being  the  initial  angular  velocity.  The  moment  of  inertia  is  easily 
determined  by  attaching  a  hair-spring,  of  known  strength  s,  to  the  axle 
and  observing  the  period  of  oscillation  r ;  then — 

s  must  be  taken  in  dyne  cms.  per  radian  of  torsion. 

In  practice  this  metliod  has  not  given  good  results.  A  meter — 
especially  a  frictionless  meter — comes  to  rest  so  gradually  that  it  is 
exceedingly  difficult  to  determine  with  exactness  the  instant  when 
it  stops.  Again,  if  there  is  the  least  want  of  balance  in  the  axle  it 
will  very  rarely  happen  that  the  meter  comes  to  rest  at  its  position  of 
stable  equilibrium  without  first  making  one  or  more  very  slow  oscilla- 
tions about  that  point.  Hence  there  are  often  very  large  discrepancies 
in  successive  observations,  and  on  the  whole  the  average  time  taken  in 
coming  to  rest  will  be  greater  than  it  would  be  if  the  meter  were 
perfectly  balanced.  Some  early  experiments  with  meter  No.  2  may  be 
quoted  as  an  illustration  of  this  uncertainty.  Measured  by  the  torque- 
speed  curve  the  friction  was  2*65  dyne  cms. ;  the  mean  of  two  fairly 
good  observations  of  the  time  of  stopping  gave  the  value  2*98  dyne 
cms.  This  result  being  considered  encouraging,  a  large  number  of 
similar  tests  was  made,  with  the  result  that  the  average  of  the  whole 
scries  gave  1*27  dyne  cms.  as  the  friction.  This  figure  is  undoubtedly 
a  good  deal  lower  than  the  true  value,  and,  except  as  a  rough  and 
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ready  means  of  comparison,  the  stopping  test  has  not  since  been 
employed.  All  the  friction  values  given  in  the  paper  are  deduced 
from  torque-speed  curves. 

An  improvement  on  the  stopping  test  would  be  to  record  on  a 
chronograph  the  times  of  successive  revolutions  of  the  meter,  begin- 
ning as  soon  as  the  currents  are  cut  off  and  ending  a  little  before  the 
meter  comes  to  rest.  The  chronograph  record  would  enable  a  time- 
speed  curve  to  be  plotted,  and  the  slope  of  the  curve  would  give  the 
total  retardation,  from  which  the  brake  torque  would  have  of  course  to 
be  deducted  in  order  to  arrive  at  the  value  of  friction. 

Calculated  Friction. 

It  is  useful  to  compare  the  value  of  friction  given  by  direct  experi- 
ment with  the  value  calculated  on  the  assumption  that  the  bearings  arc 
the  sole  cause  of  friction.  This  comparison  has  been  made  in  the  case 
of  meter  No.  2,  and  shows  a  considerable  margin  of  friction  unaccounted 
for. 

If  the  diameter  of  contact  between  the  steel  point  and  the  cup 
forming  the  step  bearing  were  measurable,  the  friction  moment  could 
be  estimated  from  the  formula — 

^     kPd 

where 

*  is  the  coefficient  of  friction. 

P    „     total  pressure  on  the  bearing. 

d    „     diameter  of  contact. 

It  is,  however,  impossible  to  measure  the  contact  diameter  when  the 
point  an'd  cup  are  spherical  surfaces,  and  recourse  was  had  to  experi- 
ment. The  total  friction  having  been  taken  by  the  torque-speed 
method,  a  weight  of  about  50  grammes  was  added  to  the  armature,  and 
the  friction  again  determined.  The  weight  being  removed,  the  first 
test  was  repeated.  The  result  of  these  tests  was  to  show  that  this  par- 
ticular point  and  jewel  offered  a  frictional  resistance  of  '092  dyne  cms. 
per  gramme  weight  pressing  on  the  jewel.  Now  before  the  meter 
started  running  on  October  12,  1899,  the  pressure  on  the  jewel  was 
measured  and  found  to  be  12  grammes  ;  hence  the  step-bearing  friction 
would  be  '092  X  12  =  I'l  dyne  cms. 

The  friction  added  by  each  brush  wheel  is  roughly  as  follows  : — 

Brush-wheel  step  bearing :  pivot  assumed  to  have   a  flat  end  in 
contact  with  flat  step  plate. 

Weight  of  wheel  and  its  axle,  1*2  grms. ;  or  P  =s  1,200  dynes  nearly 
enough. 

Diameter  of  contact,  say  equal  to  diameter  of  pivot,  namely  '035  cms. 

Co-efficient  of  friction  '20. 
Then  using  the  formula — 

f^kVd 
3 
we  find  the  frictional  resistance  of  the  bearing  is  2*8  dyne  cms. 
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The  commutator  wires  press  against  the  wheels  and  force  the  brush 
pivots  against  the  sides  of  the  holes  in  which  they  run.  The  mean 
pressure  on  each  wheel  is  about  50  dynes,  and  the  radius  of  the  pivot 
being  'oiS  cms.,  the  friction  moment  is  roughly  50  x  "2  x  '018  =:  i"8 
dyne  cms.  Adding  this  to  the  step  friction  and  multiplying  by  2  to 
include  both  brush  wheels,  we  find  they  require  a  torque  of  nearly  6 
dyne  cms.  applied  to  their  own  axles  to  overcome  friction.  This  figure 
must  of  course  be  divided  by  12 — ^the  ratio  of  the  diameters  of  wheels 
and  commutator — to  give  the  frictional  moment  of  the  brush  wheels 
upon  the  armature  axle.  That  is  to  say,  the  brush  wheels  account  for 
about  "5  dyne  cms.,  while  the  meter  axle  bearing  accounts  for  i"i, 
making  a  total  of  i'6  dyne  cms.  estimated  friction. 

The  lowest  observed  friction  in  meter  No.  2  was  2*1  dyne  cms,  (see 
Table  IV.,  Oct.  12, 1899),  so  that,  remembering  that  brush- wheel  friction 
is  an  overestimate,  there  is  at  least  *5  dyne  cms.  unaccounted  for.  No 
doubt  the  rolling  of  the  commutator  wires  on  the  brush  wheels  accounts 
for  some  of  this,  and  there  is  also  the  work  done  in  overcoming  co- 
hesion as  the  wires  pull  themselves  off  the  wheels.  This  is  a  form  of 
work  which  is  probably  not  completely  or  even  at  all  reversible,  so  that 
it  is  not  given  back  when  the  wires  come  into  contact  with  the  wheels. 
There  may  also  be  a  very  small  resistance  to  rotation  due  to  hysteresis 
in  the  steel  axle.  The  magnetic  field  of  the  brake  magnets  tends  to 
produce  a  non-uniform  distribution  of  induction  at  the  surface  of  the 
axle,  and  if  this  want  of  uniform  density  extends  to  any  depth  below 
the  surface,  some  part  of  the  volume  of  steel  will  be  going  through  two 
small  magnetic  cycles  in  each  revolution  of  the  axle. 

TABLE   I. 

Errors  of  Uncorrected  Motor  Meter. 

Maximum  Driving  Torque  =  100,  Friction  =  2.    Full  Speed  =  100  ;  Arbitrary 

Units. 


Drivini;  Moment 
M. 

Friction 

Speed  (numeri- 
cally equal  to 

0 

Percentage 
error. 

2 

2 

inf. 

4 

) 

2 

-50 

10 

1 

8 

,,20 

2a 

\ 

1 

18 

„   10 

40 

> 

38 

»     5 

60 

> 

58 

n       3 '3 

8o- 

) 

78 

»    2-5 

100 

> 

98 

„   20 

standard  range  =  i  to  3* 3. 
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TABLE   II. 
Errors  of  Uncorrected  "  Frictiosless  "  Meter. 

Maximum  Driving  Torque  =  loo,  Friction  =  '02.     Full  Speed  =  loo  ; 
Arbitrary  Units. 


Driving  Motneiit 

Friction 

Speed  (numen- 
callv  eqiui  to 

l*crcenUi;e 
error. 

•02 

•02 

0 

inf. 

•04 

•02 

I 

50 

•10 

02 

'        -08 

20 

•40 

•02 

•38 

5 

roo 

•02 

•98 

2 

1000 

•02 

998 

•02 

5000 

02 

49-98 

:o4 

lOO'OO 

02 

1     9998 

1 

•02 

Standard  range  =  i  to  250. 


TABLE  III. 
Friction  Tests  •  of  Meter  No.  i.    This  Meter  was  Started  on  May 

25TH,    l8<;9,    AN'I)   HAS   BEEN    RUNNING   AT   AHOUT    8o    REVOIXTIONS    PER 

Minute  continuously  since  that  Date. 


Date. 


25th  May,  1899 


Total  Revolutions  of 
Arniature  .\xle. 


I 


28th  June  „ 
26th  Sept.,  „ 
30th  March,  1900 


3,460,000 
12,275,000 
29,046,00b 


MonitMit  of  Krictional  Resistance, 
(dyne  cms.)- 


Not  measured  accurately,  but 
about  ^  7  dyne  cms. 

6-8 

6-8 

72 


•  For  methods  of  measurement  see  Appendix. 
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TABLE   IV. 

Friction  Tests  •  of  Meter  No.  2.  This  Meter  was  Started  ox 
October  i2th,  1899,  and  has  been  Running  at  about  57  Revo- 
lutions per  Minute  continuously  since  that  Date. 


1                  Date. 

Total  Rcvol  utions  of| 
Meter  Axle.           | 

Moment  of  Frictional  Resistance 
(dyne  cms.)- 

1 2th  Oct., 

1899 

0 

1 

32 

»        » 

M 

1 
100 

21 

13th      „ 

>» 

)                   1 

2-3 

1  i6th     „ 

)) 

>  not  noted            ' 

1 

2-4 

1  2oth     „ 

,y 

1 

3*2 

1  7th  Nov. 

II 

2,088,000 

29 

20th     „ 

>i 

3,080,000 

30 

2 1st  Dec. 

>t 

4,3i3»«»        I 

29 

29th  Jan., 

1900 

i 

3-3t 

'  30th     „ 

II 

7»233>ooo        1 

3-5: 

•  For  methods  of  measurement  see  Appendix. 

t  Commutator  observed  to  be  making  irregular  contact.  After  making 
test,  examination  showed  a  fine  hair  wound  round  and  entangled  in  com- 
mutator. The  hair  was  removed  as  carefully  as  possible  without  taking  the 
meter  to  pieces. 

{  Taken  immediately  after  removal  of  the  hair. 

The  President:  I  am  delighted  to  find  that  among 
those  present  we  have  the  company  of  a  distinguished 
American  electrical  engineer,  whom  I  ought  not,  perhaps, 
to  call  an  American  because  we  may  claim  him  as  an 
Englishman  born  ;  I  mean  Mr.  T.  Lock  wood,  of  the  Bell 
Telephone  Company  of  Boston,  who  has  had  the  honour  of 
being  President  of  the  American  Institute.  I  will  ask  him 
to  open  the  discussion  by  contributing  anything  he  chooses 
to  say  on  this  subject,  or  on  any  other  that  may  occur  to 
htm. 

Mr.  T.  D.  LocKWOOD :  I  am  somewhat  surprised  at  this  my  first  Mr 
meeting  with  you  to  find  that  the  personnel  of  the  Meeting  is  very  much 
like  that  of  the  Meetings  which  I  am  accustomed  to  attend  in  New  York, 
— there  is  such  a  large  percentage  of  young  faces.   I  have,  perhaps,  been  a 
member  of  this  Institution  longer  than  most  of  those  present,  and  yet 
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Mr. 

Lockwood. 


Mr. 
FcrraiUi. 


this  is  the  first  time  that  I  have  had  the  pleasure  and  privilege  of  being 
present  to  listen  to  a  paper  and  to  take  part  in  the  discussion  on  the 
paper,  or,  as  your  President  has  kindly  remarked,  to  discuss  anything 
else.  I  esteem  it  a  very  great  privilege  to  be  here  this  evening.  It  was 
not  until  this  afternoon  that  I  knew  there  was  to  be  a  Meeting  of  the 
Institution  of  Electrical  Engineers,  and  when  I  was  handed  the  paper 
of  this  evening  to  which  I  have  listened  with  such  great  pleasure,  I 
must  confess  that  I  was  somewhat  disconcerted  at  the  title.  This  was, 
of  course,  before  I  read  the  preamble  of  the  author,  for  it  did  seem  to 
me  that  I  was  approaching,  within  very  close  limits,  to  what  the  author 
so  very  carefully  and  promptly  disclaimed,  perpetual  motion.  But 
after  hearing  what  he  had  to  say,  and  after  carefully  looking  myself  at 
the  diagrams  and  reading  the  paper,  I  can  only  add  this,  that  I  am  sorry 
that  in  the  Proceedings  of  our  Societies  it  is  impossible  to  reproduce 
experiments,  or  the  manner  of  the  speaker,  or  to  reproduce  anything 
except  the  dry  text  sometimes — ^not  this  time,  however — of  a  dry 
paper. 

The  difficulty  which  Mr.  Evcrshed  remarked,  of  learning  what 
had  been  done  before,  is  one  which  I  apprehend  has  occurred  to 
most  of  us.  I,  perhaps,  have  read  as  many  old  patent  specifications, 
British  and  American,  and  others,  many  in  foreign  languages,  some 
written  in  English  which  might  as  well  have  been  in  a  foreign  language, 
as  any  one ;  and  I  have,  myself,  to  the  fullest  extent,  appreciated  the 
great  difficulty  of  learning  anything  from  99  out  of  100  of  those  specifica- 
tions. If  the  picture  was  all  right,  the  text  was  all  wrong,  and  if  the 
text  was  all  right  the  picture  did  not  agree  with  it  as  a  rule,  so  that  it 
was  very  difficult  to  understand  what  the  inventor  or  the  quasi-invGntor 
was  attempting  to  6xplain. 

The  author  said  that  he  did  not  know  until  he  was  far  advanced  in 
the  production  of  his  meter,  that  anything  on  the  same  lines  in  which 
he  had  been  going  had  been  done  before.  That,  of  course,  is  not  at  all 
an  unusual  experience,  it  is  perfectly  familiar  to  any  one  of  us  who  has 
done  any  inventing  at  all ;  and  I  am  reminded  very  forcibly  of  a  remark 
which  I  found  once  in  the  preface  of  the  first  book  which  was  ever 
written  on  electric  lighting  perhaps,  viz.,  the  book  of  Hippol3rte- 
Fontaine, — "People  of  old  times  had  very  little  honesty:  they  have 
stolen  all  our  best  inventions." 

Mr.  S.  Z.  DE  Ferranti  :  I  can  quite  understand  what  Mr.  Evershed 
said  when  he  told  us  that  he  had  worked  for  ten  years  on  this  subject. 
If  he  had  said  that  he  had  worked  at  it  for  longer  than  that,  were  it  not 
for  his  age,  I  should  not  have  been  at  all  surprised.  No  one  who  has 
not  worked  at  this  sort  of  thing  can  have  any  idea  of  what  it  involves  in 
the  way  of  time,  the  number  of  disappointments,  and  the  amount  of 
work  which  is  done,  which  appears  to  be  fruitless,  and  the  very  long 
time  it  takes  to  make  anything  commercially  useful.  It  would  be  quite 
superfluous  on  my  part  to  say  how  exceedingly  interesting  the  paper  has 
been,  or  to  compliment  Mr.  Evershed  upon  the  most  beautiful  mechanical 
contrivance,  and  the  perfection  of  the  details  which  he  has  worked  out. 
He  has,  unfortunately,  as  he  told  you,  found  out  that  other  people  have 
had  somewhat  the  same  sort  of  ideas.    It  is  an  experience  that  e very- 
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body  is  subject  to,  and  I  am  beginning  to  think  now  that  if  I  do  make   Mr. 
anything  in  the  nature  of  an  invention,  half-a-dozen  people  have  pro-   ^^eminti. 
bably  done  it  before  me.    With  regard  to  the  particular  subject  of  the 
paper,  viz.,  a  frictionless  meter,  I    do    not  think  perhaps  that  Mr. 
Evershed  has  appreciated  how  frictionless  some  other  meters  have 
actually  been.    I  remember  when  working  a  great  many  years  ago,  I 
think  it  was  in  1885,  when  I  had  a  small  works  in  Hatton  Garden,  that 
I  was  struck  with  a  very  curious  occurrence  which  happened  to  one  of 
the  meters  which  I  made  there.    I  thought  I  had  discovered,  or  at  any 
rate  come  face  to  face  with,  some  marvellous  new  circumstance  or  thing 
which  was  quite  beyond  my  comprehension.    One  day  when  the  current 
was  turned  off,  one  of  my  mercury  meters,  which  I  may  say  was  very 
frictionless,  rotated  .without  any  connection  with  the  electric  circuit, 
and  rotated  backwards.    This  was  exceedingly  surprising.    We  watched 
it  very  carefully,  and  the  meter  moved  slowly  backwards  for  two  days. 
We  discovered  eventually  that  the  sixth  or  seventh  wheel  of  the  meter 
was  jammed,  and  that  the  spring  in  the  train  of  wheels  was  sufficient  to 
give  driving  power  to  run  that  meter  at  an  exceedingly  slow  speed  for 
two  days.    I  should  like  to  ask  Mr.  Evershed — I  do  not  know  how  he 
does  it  in  his  meter — to  calculate  what  the  friction  or  resistance  of  that 
meter  was  in  order  that  it  should  go  round  at  all  against  its  own  friction 
for  two  days  with  such  a  class  of  driving  force.     Another  point  is  this. 
We  find  that  a  mercury  meter  constructed  to  register  up  to  300  amperes 
starts  with  certainty  with  o'l  of  an  ampere  or  i -3,000th  part  of  its  normal 
full-load  current.    Now  that  is  not  a  3,000th  part  of  the  power,  but  it  is 
simply  a  3,000th  part  of  the  current :  although  when  you  come  to  think 
of  what  the  friction  must  be  in  that  case,  notwithstanding  the  residual 
magnetism  which  helps  to  start  the  meter,  you  will  find  that  the  internal 
friction  of  such  an  apparatus  must  be  exceedingly  small,  and  I  should 
not  like  to  put  it  down  at  any  fixed  amount.     I  will  mention  another 
curious  fact.    It  is  very  important  in  this  particular  class  of  meter  which 
we  make,  that  the  little  fan  which  is  immersed  in  the  mercury  should 
be  perfectly  balanced,  and  we  take  elaborate  precautions  that  it  should 
be  so,  because  if  it  is  not  balanced  and  the  meter  is  a  little  out  of  level, 
it  interferes  with  the  starting  ;  yet  such  forces  are  very  small.    I  have 
had  a  certain  amount  of  difficulty  (quite  unaccountable  at  first)  with 
meters  in  starting  properly,  through  this  want  of  balance,  although  the 
meter  had  been  carefully  balanced,  and  we  eventually  found  that  quite 
a  serious  source  of  trouble  in  this  direction  arose  from  varnishing  and 
lacquering  the  small  fan  immersed  in  the  mercury  more  thickly  on  one 
side  than  on  the  other,  and  so  displacing  a  tiny  quantity  of  mercury  more  on 
one  side  than  on  the  other  and  putting  the  meter  out  of  balance  in  mercury. 
There,  again,  it  is  quite  evident  that  forces  minute  in  their  dimensions 
must  be  at  work  to  produce  any  of  these  results. 

I  should  like  to  point  out  that  the  Aron  meter  practically  disregards 
friction,  although  there  is  a  train  of  wheels  there.  The  principle  of  the 
meter  is  such  that  it  does  not  matter,  and  there  are  other  meters  of  that 
kind,  but  it  has  one  objection  amongst  many  others :  it  ticks.  I 
should  recommend  Mr.  Evershed  very  closely  to  consider  some  other 
of  his  beautiful  arrangements  (which  he  appears  so  easily  to  fmd  out 
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Mr. 
Fcrranti. 


Mr.  Wood. 


for  overcoming  all  difficulties)  to  stop  the  noise  of  that  meter  so  that 
it  should  not  have  the  same  disadvantage  as  the  one  I  have  mentioned. 
With  regard  to  the  meters  to  which  I  have  referred  and  in  connection 
with  which  I  have  done  work  myself,  all  of  them  are,  practically  speak- 
ing, frictionless  on  the  pivots,  because  they  are  a  compound  balance  in 
air  and  mercury,  and  I  do  not  think  the  friction  due  to  the  pivots  is 
probably  any  greater  than  that  of  the  bottom  pivot  in  Mr.  Evershed's 
meter.  Mr.  Evershed  has  been  good  enough  to  mention  that  I  have 
had  something  to  do  with  what  is  an  essential  feature  in  his  meter,  viz., 
the  magnetic  suspension,  and  that  is  so,  and  I  cannot  help  referring,  as 
it  is  the  only  record,  to  a  Blue  Book  on  the  subject,  which  shows  several 
very  bad  forms  of  magnetic  suspensions  for  the  armature  of  a  meter. 
But  there  just  happens  to  be  one  good  form  amongst  the  bad  ones, 
which  has  a  concentric  suspension  and  which  does  not  pull  sideways  ; 
in  fact  it  appears  to  embody  the  same  principles  as  the  successful  sus- 
pension which  Mr.  Evershed  has  adopted.  With  regard  to  the  com- 
mutator, it  is  exceedingly  pretty  :  the  nearest  approximation  there  has 
been  to  it  is  the  commutator  devised  by  Lord  Kelvin,  in  which  the 
commutator  parts  were  rigid,  but  the  brushes  were  flexible  spring  circles. 
I  am  afraid  that  is  rather  a  poor  definition  of  it.  The  brushes  were 
made  up  with  a  number  of  discs  with  the  edges  turned  up,  and  these 
edges  split,  which  pressed  against  the  commutator  and  so  formed  a 
flexible  electrical  contact  with  the  commutator.  Of  course  that  was  not 
the  improvement  in  these  days  that  was  wanted  in  commutators.  It 
was  necessary  to  make  the  conditions  of  the  machine  such  that  it 
would  commutate  sparklessly  without  devices  of  that  kind.  I  only 
remember  seeing  it  running  once,  and  that  was  in  Lord  Kelvin's 
laboratory. 

My  own  idea  about  this  whole  subject — without  wishing  to  detract 
in  any  way  from  the  most  beautiful  work  Mr.  Evershed  has  done — is 
that  the  meter  is  greater  in  scientific  merit  perhaps  than  in  commercial 
value.  Of  course  it  is  only  a  conjecture,  but  what  I  have  found  in  hard 
practice,  having  to  satisfy  all  sorts  of  people  wanting  electricity  meters, 
is  that  they  will  ask  for  the  most  absolute  simplicity,  and  if  they  can  get 
that  perfect  simplicity  they  will  sacrifice  a  good  deal  for  it.  I  therefore 
think  that  Mr.  Evershed  has  quite  a  task  before  him  in  introducing 
anything,  no  matter  how  perfect,  that  involves  the  various  parts  that  arc 
shown  in  this  very  beautiful  instrument  of  his.  I  hope  that  anything  I 
have  said  will  not  detract  in  any  way  from  the  splendid  work  which  Mr. 
Evershed  has  done. 

Mr.  Reginald  Wood  :  I  am  afraid,  after  the  remarks  of  the  last  two 
speakers,  I  shall  appear  rather  ungracious,  but  the  fact  is  I  have  come 
down  here  expressly  to  say  that  I  claim  to  be  the  inventor  of  this 
magnetic  suspension  exactly  as  it  is  shown.  It  is  rather  an  unpleasant 
thing  to  have  to  say,  because  when  one  reads  the  paper  one  cannot  help 
admiring  not  only  the  language  of  the  paper  but  the  law  of  the  instru- 
ment. I  agree  with  Mr.  Ferranti  that  the  commutator  is  beautiful,  and 
the  electro-magnetic  connection  between  the  shaft  and  the  train-gear 
is  also  a  very  beautiful  contrivance.  I  have  nothing  but  congratulation 
to  offer  Mr.  Evershed.     Of  course  I  must  say  what  I  want  to  say,  viz., 
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that  I  make  my  claim,  but  I  do  not  want  it  to  be  considered  to  be  made  ^*'-  Wood, 
in  an  ungracious  manner,  although  I  am  afraid  it  is. 

ICommunicated,]  A  description  of  my  magnetic  suspension  will 
be  found  in  Patent  Specification  18,053  of  1896.  The  question  of 
"  floatation  "  of  a  magnetically  suspended  shaft  presents  an  interesting 
point.  If  all  the  forces  are  accurately  balanced,  the  inertia  of  the 
rotating  body  causes  it  to  "float"  when  the  speed  is  sufficiently  high. 
My  attention  was  given  to  magnetic  suspension,  because  I  thought  it 
highly  desirable  to  abolish  friction  and  all  chance  of  hot  bearings  in  my 
Feeder  Machines,  which  are  described  in  the  Journal,  vol.  xxvii.,  p.  637 ; 
and  I  am  indebted  to  the  author  for  proving  the  twith  of  my  prediction. 
If  some  one  will  now  utilise  my  method  of  applying  magnetic  force  to 
neutralise  centrifugal  force,  a  considerable  advance  may  be  made  in 
economising  fuel.  Many  of  these  matters  are  worthy  the  attention  of 
the  Associated  Railways. 

Mr.  W.  M.  MoRDEY  said  that  he  agreed  with  Mr.  Ferranti  as  to  the   Mr.  Mordey. 
importance  of  simplicity  in  meters.     Although  he  admired  the  way  the 
Evershed  meter  had  been  worked  out,  he  could  not  help  thinking  that 
commutators   were  objectionable  in  meters.    The  greatest  simplicity 


Fig.  a. 


was  got  by  mercury  meters  for  direct  currents  and  induction  motor 
meters  for  alternate  currents.  But  the  Evershed  instrument  was  a 
beautiful  example  of  commutator  meters,  and  shared  with  the  Thomson 
meter  the  useful  quality  of  being  suitable  for  all  sorts  of  circuits — for 
direct  currents,  and  for  alternate  currents  of  any  periodicity.  For  alter- 
nate currents  it  should  be  good  even  with  low  power-factors.  The  very 
small  values  given  for  friction  were  very  interesting,  but  none  the  less 
all  meters  were  very  disappointing  as  regards  efficiency.  Probably  no 
meter  takes  so  little  as  one  watt,  and  yet  one  watt  means  about  44  foot- 
pounds per  minute.  He  wished  to  supplement  the  author's  reference  to 
the  Stanley  meter  by  showing  them  an  example  of  the  magnetic  sus- 
pension sent  him  by  his  friend  Mr.  Stanley,  in  whose  laboratory  in  the 
United  States  he  had  seen  and  tested  the  first  instrument  produced.  He 
thought  the  author  hardly  realised  what  a  very  pretty  thing  the  sus- 
pension was — it  was  practically  frictionless,  and  entirely  avoided  the 
troubles  due  to  vibration  from  alternate  currents. 

He  then  sketched  a  diagram  (Fig.  A)  of  the  Stanley  arrangement 
showing  that  the  iron  shaft  a  was  magneticaUy  supported  by  the  flux 
passing  into  the  flanges  b  from  the  encircling  poles  N  and  S — the  disc  c 
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Mr.  Mordey. 


Mr.  Boot. 


Mr. 
Schattner. 


mounted  on  the  shaft  a  being  magnetically  braked  by  passing  through 
the  field  between  the  polar  extensions  n  s.  This  method  of  suspension 
caused  the  shaft  and  disc  to  float  in  the  air.  Extensions  of  the  shaft 
passed  through  guide  holes  at  d  d,  but  there  was  no  pivot  in  the  ordinary 
sense.  It  would  be  seen  that  friction  could  only  take  place  at  d  d,  and 
that  a  fair  amount  of  clearance  in  the  magnetic  gaps  and  good 
mechanical  centreing  would  make  this  friction  negligible.  Mr.  Stanley 
had  told  him,  in  fact,  that  some  of  his  6  k.w.  meters  started  with  2^  watts. 

Mr.  H.  L.  Boot  :  As  a  user  of  meters,  and  as  one  who  has  had  con- 
siderable trouble  with  meters,  I  am  glad  to  be  able  to  inform  the 
manufacturers  of  m^ers  of  the  difficulties  we  have  to  contend  with.  I 
think  perhaps  many  engineers  do  not  appreciate  the  financial  value  to 
a  works  in  using  a  good  meter.  Dui'ing  six  years'  experience  of 
different  types  of  meters  I  have  had  to  scrap  no  less  than  two  types,  and 
I  have  also  found  that  it  has  paid  me  to  do  so.  With  regard  to  the  first 
type  I  had,  the  consumers  patted  me  on  the  back  because  it  would  not 
register ;  with  regard  to  the  second  type,  the  consumers  swore  at  me 
because  it  registered  too  freely ;  and  with  regard  to  a  third  type  the 
consumers  considered  that  we  were  always  sending  people  to  examine 
the  meters  and  to  push  on  the  dials.  The  essentials  for  a  meter  are  : 
First,  it  must  be  accurate ;  secondly,  it  should  be  able  to  stand  rough 
usage  ;  thirdly,  it  should  not  be  affected  by  vibration  ;  and  fourthly,  it 
should  not  run  backwards  and  forwards  on  its  own  initiative,  but  should 
be  controlled  as  it  is  intended  to  be.  Moreover,  it  should  be  able  to  with- 
stand the  overloads  that  are  sure  to  occur,  due  to  short-circuits,  which  I 
have  found  in  many  instances  to  have  a  serious  effect  on  the  accuracy 
afterwards,  especially  in  the  case  of  magnetic  meters.  The  meter  also 
should  be  simple.  I  admire  Mr.  Evershed's  meter  immensely.  The 
amount  of  labour  that  must  have  been  expended  in  designing  such  a 
beautiful  meter  is  apparent  to  every  one,  but  at  the  same  time  I  would 
personally  prefer  a  meter  which  I  can,  to  a  certain  extent,  understand, 
and  know  how  to  alter  and  adjust,  and  which  does  not  depend  so  much 
on  permanent  magnets. 

Mr.  Ferranti  mentioned  the  fact  of  a  meter  ticking.  It  is  perfectly 
true  that  Aron  meters  tick,  and  it  is  unfortunately  true  that  nearly  all 
types  of  meters  with  alternating  circuits  give  considerable  trouble  owing 
to  the  noise  they  make.  I  have  designed  a  little  arrangement  something 
of  the  form  of  a  relay,  which  cuts  out  the  meter  during  the  hours  it  is 
not  being  used.  In  many  instances  I  have  found  this  relay  give  great 
satisfaction  to  consumers  who  object  to  the  noise  of  a  meter  during  the 
hours  when  it  is  not  being  used  for  light.  Another  point  I  notice  Mr. 
Evershed  has  studied  very  carefully  is  the  elimination  of  friction.  I 
was  going  to  mention,  although  it  has  already  been  mentioned,  that  in 
the  Aron  meter  this  is  already  provided  for,  as  it  is  not  taken  into 
account.  The  last  point  I  would  impress  upon  the  makers  of  meters  is 
that  we  require  rapid  delivery. 

Mr.  E.  B.  Schattner  :  The  meter  designed  by  Mr.  Evershed  seems 
to  me  very  ingenious  in  every  way,  but  my  experience  shows  me 
that  it  is  hardly  simple  enough,  and  I  should  say  it  could  not  be  pro- 
duced at  a  price  at  which  a  meter  nowadays  ought  to  be  produced.     It 
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seems  to  me  that  since  the  re-advent  of  electrolytic  meters,  which  are  ^hattner 
considerably  simpler,  and   consequently  less  expensive,  than    other 
meters,  prices  have  generally  been  reduced,  and  the  tendency  has  been 
everywhere  to  produce  a  less  expensive  motor  meter,  even  at  the 
sacrifice  of  accuracy. 

Professor  W.  E.  Ayrton  :  In  his  opening  remarks,  Mr.  Evershed  aJ^o^"" 
takes  me  back  to  a  period  of  eighteen  years  ago,  a  period  to  which  my 
attention  has  been  very  much  directed  during  the  last  few  days  at  the 
Law  Courts.  At  that  time,  as  you  have  been  told,  I  first  thought, 
with  my  colleague  Professor  Perry,  of  the  right  principles  of  meter 
construction  which  have  been  enumerated  this  evening,  but  I 
certainly  did  not  expect  to  see  what  may  be  called  a  "  dream  "  of  a 
meter,  where  the  ideal  has  been  brought  to  absolute  perfection, 
to  see  in  practice  what  one  merely  aimed  at,  namely,  to  get  a  perfect 
straight  line  law,  to  get  the  resisting  force  from  all  causes,  including 
brush  friction,  friction  of  the  counting  mechanism,  friction  of  pivots, 
and  also  the  proper  magnetic  resistance  proportioned  to  the  velocity, 
combined  with  what  is  much  more  easy,  a  driving  force  proportional  to 
the  power.  It  has  been  said  this  evening,  and  perhaps  it  might  appear 
at  first  sight  to  be  justifiable,  in  the  criticisms,  that  Mr.  Evershed  has 
only  attained  this  result  by  the  use  of  great  complexity.  Well,  another 
inventor  whose  name  has  also  been  quoted,  has,  with  the  clock-meter, 
achieved  our  other  ideal,  and  obtained  marvellous  results  and  accuracy  by 
the  employment  of  great  complexity.  If  you  take  the  present  Aron  meter 
(which  is  selling  in  thousands  per  year  even  in  this  country,  backward  as 
we  are  in  electric  lighting,  and  in  even  greater  numbers  abroad)  and  think 
of  its  complexity,  but  on  the  other  hand  think  of  its  accuracy  and 
compare  it  with  our  original  gaining  clock,  which  was  shown  in  this 
room  some  eighteen  years  ago  with  its  single  pendulum,  you  would 
have  said  at  onge  that  that  original  clock  would  have  been  the  one  to 
be  sold  in  thousands,  and  that  the  Aron  meter  of  to-day,  if  you  could 
have  seen  it,  would  have  had  no  chance  whatever.  It  is  just  the  other 
way.  That  meter,  simple  as  it  was,  had  no  sale ;  tlie  Aron  meter  of  to- 
day, with  its  electric  mechanism  for  winding  up,  its  device  for  shifting 
over  the  counting  mechanism  and  for  altering  the  direction  of  the 
current  in  the  two  coils  every  eleven  minutes,  and  with  the  noise  it 
makes  in  winding  up  every  half-minute,  sells  in  thousands.  It  is  not, 
however,  the  mere  ticking,  but  the  gurgle  of  the  present  Aron  meter 
which  is  objected  to.  Be  that  as  it  may,  you  have  only  to  look  at  the 
Value  of  the  shares  and  the  dividends  paid  by  the  Aron  Company  to  see 
what  delightful  results  can  be  attained  when  you  have,  complexity  it 
may  be,  but  complexity  extremely  well  worked  out. 

Look,  for  instance,  at  Alfred  the  Great's  candle,  the  original  clock, 
and  then  look  at  a  modern  clock,  or  at  your  own  watch ;  what  chance 
have  watches  ?  A  mere  theorist  might  object :  They  are  far  too 
complicated,  nobody  will  buy  them  1  So  that  in  case  Mr.  Evershed 
should  have  the  smallest  feeling  of  despondency  because  he  has 
obtained  this  marvellous  accuracy  with  a  certain  amount  of  complexity, 
I  may  say  let  him  bear  up ;  there  is  a  possibility  that  his  meter  may 
rival,  say,  the  Waterbury  watch  with  its  sale,  and  I  have  no  doubt  that 
he  will  then  be  quite  satisfied. 
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It  has  been  said  that  the  Aron  meter  is  a  frictionless  meter.  I  do  not 
know  what  that  has  to  do  with  the  paper,  which  is  on  a  frictionless 
motor  meter.  The  Aron  meter  is  neither  a  motor  meter,  nor  is  it 
by  any  means  frictionless,  but  it  is  merely  one  in  which  the  friction 
does  not  produce  an  error  in  the  reading.  There  are  other  meters  with 
various  devices  aimed  at  preventing  the  friction  from  producing  much 
error  in  the  reading — for  example,  the  well-known  starting  coil  in  the 
Elihu  Thomson  meter.  But  what  Mr.  Evcrshed  has  succeeded  in  doing, 
is  to  get  a  meter  which  shall  not  require  any  of  these  devices,  and  which 
shall  still  have  an  accuracy  of  a  very  high  order.  It  is  not  quite  right 
to  say  that  those  others  are  frictionless  meters,  because  their  readings 
are,  to  some  extent,  independent  of  friction.  They  have  attained  these 
results  by  certain  devices  :  Mr.  Evershed  has  obtained  it  by  annihilating 
the  friction. 

We  were  all  most  interested  to  hear  what  Mr.  Evershed  told  us 
about  the  range,  and  the  small  friction  of  his  meter.  I  do  not  know  at 
all  whether  Mr.  Evershed  by  chance  has  tested  the  friction  in  the 
Fcrranti  meter ;  if  so,  we  should  all  like  to  hear  what  the  value  may  be. 
Mr.  Ferranti  has,  I  think,  a  certain  device,  namely,  the  permanent 
magnet,  which  assists  in  starting  his  meters.  It  is  not  quite  fair,  there- 
fore, to  say  that  because  you  have  a  meter  with  a  starting  coil,  or  a 
certain  device,  and  you  are  thereby  enabled  to  stait  with  a  certain 
fraction  of  the  full  load,  therefore  there  is  little  friction.  It  does  not 
follow ;  there  may  be  much  friction.  But  what  Mr.  Evershed  tells 
you,  practically,  is,  that  with  no  device  to  help  the  meter  going  round, 
or  to  compensate  for  friction,  he  has,  by  not  allowing  friction  to  be 
introduced,  obtained  those  wonderful  curves,  in  which  the  whole  error 
in  measuring  from  the  power  at  which  the  meter  starts  up  to  5,000 
times  that  power  is  only  2  or  3  per  cent.  That  result  is  most  amazing. 
One  other  point  was  spoken  of  with  regard  to  the  Aron  meter  which 
has  delighted  me  very  much  ;  namely,  that  Dr.  Aron,  during  the  last  two 
or  three  years,  has  gone  back  to  the  original  idea — I  am  not  speaking 
merely  of  the  clock  now — that  Professor  Perry  and  I  put  forth,  and  the 
idea  that  Mr.  Evershed  has  utilised,  namely,  to  measure  what  you  pay 
for  ;  not  to  measure  it  indirectly,  but  to  measure  really  what  you  pay 
for.  Now,  what  do  you  pay  for  ?  You  pay  for  units  of  energy.  Dr. 
Aron  has  abandoned  absolutely,  as  far  as  I  know,  meters  to  measure 
the  quantity  of  electricity.  All  his  early  clock  meters  were  quantity 
meters  ;  all  his  modern  meters,  to  which  I  referred  as  selling  in  thousands 
per  year  throughout  the  world,  are  energy  meters.  In  the  same  way, 
Mr.  Evershed  has  made  an  energy  meter,  and  for  that  alone  I  desire  to 
compliment  him,  apart  altogether — it  is  a  very  large  exception — ^from 
the  ingenuity  and  the  success  with  which  he  has  not  only  introduced 
one  little  improvement,  but  has  taken  the  whole  energy  meter  and  has 
invented,  or  re-invented,  every  single  part  of  it  to  obtain  perfection. 
In  addition  to  all  that,  the  fact  that  he  has  made  an  energy  meter  and 
not  a  quantity  meter  is  to  me  the  subject  of  great  pleasure ;  and  for 
that  also  I  wish  to  thank  him. 

Mr.  T.  D.  Lockwood  :  I  should  like  to  crave  your  indulgence  for  a 
moment    On  the  very  last  occasion  on  which  I  had  the  honour  to 
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preside  at  a  meeting  of  the  American  Institute  of  Electrical  Engineers,  !^,^^ 
the  subject  of  the  paper  was  "  Electric  Motor  Meters."  It  was  a  very 
able  paper,  but  the  author  was  rather  disconcerted  at  the  end  of  the 
meeting  by  finding  that  the  very  same  objections  with  regard  to  com- 
plexity were  made  which  I  have  heard  made  this  evening.  For  this 
reason  I  feel  like  tendering  my  personal  thanks  to  Professor  Ayrton  for 
his  .very  able  defence  of  complexity  when  complexity  is  accompanied 
by  effectiveness. 

Mr.  Aron  :  I  should  like  to  confirm  Professor  Ayrton's  statement  ^'^'  ^^^ 
that  the  meter  as  we  turn  it  out  to-day  is  an  energy  meter.  I  should 
also  like  to  meet  Mr.  Boot  and  Mr.  Ferranti  with  regard  to  noise.  It  is 
rather  satisfactory  to  us  that  the  only  objection  that  can  be  raised 
against  our  instrument  is  that  small  one  about  the  noise.  It  seems  to 
me  that  it  is  rather  hypercritical  for  a  consumer  who  wants  an  accurate 
measure  to  raise  a  point  about  the  noise  in  the  instrument.  As  far  as 
this  country  is  concerned,  I  do  not  think  we  have  had  it  seriously 
brought  before  us  except  in  the  case  of  alternating-current  circuits, 
where  in  the  winding  gears  we  have  had  some  slight  trouble  in 
arranging  and  adjusting  the  exact  periodicities  of  which  there  are  so 
many  in  use  in  this  country.  Uuder  these  circumstances  we  have 
found  it  necessary  to  do  a  certain  amount  of  work  in  order  to  produce 
an  instrument  which  will  not  make  a  noise  when  winding  up,  that  is  to 
say,  that  will  not  make  a  noise  loud  enough  to  be  heard  when  the  case 
is  on  the  instrument.  Hence  I  think  Mr.  Evershed  need  not  trouble 
himself  about  the  very  perfect  instrument  that  he  has  made  as  regards 
the  noise,  because  if  that  is  the  only  point,  I  can  assure  him  that  out  of 
the  thousands  of  meters  we  make  and  sell  in  this  country  there  is 
but  a  very  small  number  of  cases  where  the  question  of  noise  is  raised. 

Mr.  W.  H.  Everett  [communicated']  :  Much  ingenuity  and  skill  is  Mr.  Everett, 
shown  in  the  design  of  this  meter,  and  the  friction  obtained  is  remark- 
ably low.     It  is  to  be  hoped,  however,  that  some  substitute  may  be 
found  for  iridio-platinum,  if  the  meter  is  ever  to   be   made    by  the 
thousand. 

I  would  suggest  that  the  main  coil  will  give  the  strongest  torque 
if  each  half  of  the  coil  is  wound  in  the  shape  of  a  slice  (parallel  to  the 
axis)  of  a  hollow  cylinder,  so  as  to  fit  closely  round  part  of  the  surface 
of  the  rotating  drum.  The  two  halves  would,  of  course,  be  placed  one 
on  either  side  of  the  axle.  The  field  of  cylindrical  coils,  referred  to  in 
the  Appendix,  is  a  subject  which  I  discussed  some  time  ago  in  a  com- 
paratively simple  way,  withoiU  spherical  harmonics.'  In  a  coil  such  as 
shown  in  Fig.  7,  the  field  close  to  the  inner  surface  of  the  winding  is 
about  double  that  at  the  centre  ;  which  shows  the  reason  for  the 
suggestion  made  above, 

I  hope  the  meter  is  supplied  with  a  case  that  is  dust-tight.  This  is  a 
weak  point  in  several  meters.  The  alternate  heating  and  cooling 
draws  in  fresh  air  continually,  and  consequently  dust,  unless  this  is 
excluded  by  the  aid  of  cotton-wool  or  baize,  or  otherwise. 

The  curves  in  Fig.  12  show  extraordinary  constancy  and  uniformity, 
such  as  are  rarely  met  with  in  meters  of  the  best-known  types. 
'  Electrical  Engineer,  Jan.  8,  1897. 
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The  President  :  The  time  has  come  when  we  must  adjourn,  and 
therefore  I  now  ask  Mr.  Evershed  to  reply  to  the  criticisms  that  have 
been  made.  I  will  merely  interpose  one  word,  and  that  is  to  add  to  the 
congratulations  which  have  been  offered  to  him  on  this  paper.  I! 
obviously  represents  a  very  large  amount  of  very  careful  thought,  of 
much  experimenting,  and  of  great  care  and  attention.  In  offering 
our  congratulations  to  Mr.  Evershed,  I  think  we  may  honestly  wish 
that  those  efforts  may  be  crowned  with  material  success.  One  word 
more  about  the  criticism  as  to  noise.  As  a  consumer  of  electricity,  I 
have  in  my  house  a  meter  which  is  one  of  those  which  makes  ticks,  and 
I  am  rather  glad  it  is  so,  because  walking  across  my  basement  hall  at 
the  dead  of  night  as  I  lock  up  before  I  go  to  bed,  I  hear  that  meter 
tick,  or  if  I  do  not  hear  it  tick  I  know  something  is  wrong,  and  I  look  at 
the  reading  to  see  how  many  hundred  pounds Jmy  meter  has  charged 
against  me  since  it  was  last  read.  There  is  some  advantage,  as  I  have 
found,  in  having  a  meter  which  ticks. 

Mr.  S.  Evershed,  in  reply,  said :  I  greatly  appreciate  the  cordial 
reception  accorded  to  my  paper,  and  I  am  particularly  sensible  of  the 
kindness  with  which  Mr.  Ferranti,  Mr.  Aron,  and  others  have  spoken  of 
my  work. 

Mr.  Ferranti  made  some  interesting  remarks  about  his  meter  and 
gave  an  example  of  its  frictionless  behaviour.  I  hardly  think  he  could 
have  expected  us  to  calculate  the  friction  movement  from  the  data  he 
gave,  and  in  the  absence  of  any  precise  figures  with  regard  to  the  fric- 
tion moment  and  driving  torque  in  the  Ferranti  meter  it  is  impossible 
to  say  whether  it  deserves  to  be  called  "  frictionless."  At  all  events  it 
seems  to  require  an  initial  torque  to  start  it,  this  being  provided  cither 
by  a  permanent  magnet,  residual  magnetism,  or  a  shunt  circuit  winding. 
I  gather  therefrom  that  the  friction  is  not  negligible. 

Inventors  have  a  way  of  working  in  the  dark  as  regards  possible 
forerunners  in  the  same  field,  and  hence  it  was  that  only  after  the  com- 
pletion of  my  first  successful  meter  with  a  magnetically  suspended  and 
pivoted  axle  did  it  occur  to  me  to  hunt  up  the  records  and  ascertain 
what  had  been  done  by  others.  It  was  then  that  I  discovered  how  Mr. 
Ferranti  had  years  ago  patented  various  devices  for  suspending  the 
axles  of  meters.  Of  these  devices  Mr.  Ferranti  has  very  frankly  told  us 
several  were  very  bad  forms  for  suspending  the  armature  of  a  meter, 
but  that  one  among  them  was  concentric  and  therefore  good.  I  hope 
Mr.  Ferranti  will  forgive  me  for  being  equally  candid  and  agreeing  with 
him  in  everything  he  said  excepting  only  in  this — I  cannot  make  an 
exception  in  favour  of  his  concentric  suspension.  That  also  is  bad  as  a 
suspension  for  a  meter  axle,  although  quite  possibly  good  as  a  suspension 
for  the  shafts  of  heavier  machines. 

It  seems  to  be  generally  agreed,  among  those  speakers  who  represent 
rival  meters,  that,  however  perfect  my  meter  may  be  as  a  piece  of 
mechanism — whatever  degree  of  accuracy  may  be  attained  by  means  of 
that  perfection — the  frictionless  meter  introduced  to  you  this  evening  is 
too  complicated  for  everyday  use.  Now  I  do  not  think  I  could  possibly 
put  the  advantages  and  disadvantages  of  complication  before  you  more 
clearly,  certainly  not  more  picturesquely,  than  Professor  Ayrton  has 
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done.  Mr.  Lockwood  did  well  to  draw  our  special  attention  to  the  value  gy^jgi,^, 
of  Professor  Ayrton's  remarks  in  defence  of  "  complexity  when  accom- 
panied by  e£Fectiveness."  That  is  really  the  sole  criterion  of  the  merit 
of  any  mechanism — its  effectiveness.  What  is  effectiveness  in  a  meter  ? 
It  seems  to  me  that  to  be  effective  a  meter  should  be  accurate,  and  that 
it  should  run  for  many  years  without  attention.  Now  I  was  told  quite 
recently  by  one  station  engineer  that  the  meters  at  present  in  use  require 
overhauling  and  testing  about  once  a  year.  Another  engineer  to  whom  I 
mentioned  this  experience  said,  "  If  it  were  only  once  a  year  I  would  not 
mind  so  much."  If  that  is  a  true  indication  of  the  behaviour  of  the 
average  meter  in  use  to-day,  it  does  seem  to  me  that  some  improvement 
is  needed.  In  my  meter  I  have  secured  abundant  accuracy  by  relieving 
the  motor  of  every  duty  save  one.  It  simply  has  to  overcome  the 
torque  of  the  brake,  hence  it  always  revolves  at  the  right  speed.  It  has 
nothing  to  do  with  the  counting  train.  Then,  again,  the  reciprocating 
lever  has  only  to  drive  the  train.  So  long  as  it  has  enough  force  to  do 
this  the  train  must  register  correctly.  The  lever  and  train  have  abso- 
lutely no  influence  on  the  speed  of  the  meter.  Hence  there  are  in  my 
meter  two  distinct  mechanisms  each  of  a  simple  character,  each  having 
one  and  only  one  function  to  perform.  In  that  way  an  accuracy  has 
been  attained  which  has  never  been  reached  by  any  previous  motor 
meter.  But  at  the  same  time  another  equally  important  end  has  been 
secured.  The  reduction  of  mechanical  friction  has  so  enormously 
diminished  wear  and  tear  that  one  may  reasonably  expect  the  "  friction- 
less"  meter  to  run  from  5  to  15  years  without  any  adjustment  or 
attention.  Mr.  Boot  has  told  us  that  engineers  do  not  sufficiently 
appreciate  the  financial  value  of  a  good  meter.  Perhaps  it  will  help  us 
to  a  proper  appreciation  if  I  mention  that  in  the  case  of  two  types  of 
motor  meter  at  present  largely  used  the  makers  actually  state  in  the 
instructions  sent  out  with  the  meters  that  the  commutator  should  be 
carefully  cleaned  and  the  brushes  adjusted  every  time  the  meter  is 
visited  for  the  purpose  of  reading  the  indices.  In  the  case  of  one  of 
these  meters  it  is  also  recommended  that  at  the  same  time  the  jewel  in 
the  step-bearing  should  be  removed  and  examined.  In  one  meter  the 
commutator  and  step-bearing  are  actually  arranged  outside  the  meter 
case  in  order  to  facilitate  these  frequent  examinations  and  adjustments. 
These  would,  no  doubt,  be  called  simple  meters,  but  what  is  the 
financial  value  of  their  simplicity  ?  The  financial  value  of  simplicity 
may  be  negative,  as  it  clearly  was  in  the  case  of  Alfred  the  Great's 
candle. 

Of  course  complication  influences  cost  to  some  extent ;  but  that 
is  a  matter  which  concerns  the  manufacturer  alone.  If  he  can  make 
the  meter  and  sell  it  at  a  reasonable  price,  surely  the  user  need  not 
trouble  himself  about  the  cost  of  complexity.  His  sole  concern  is  with 
the  effectiveness  of  the  mechanism. 

Several  speakers  have  referred  to  the  ticking  of  meters.  The 
reciprocating  lever  in  my  meter  makes  a  tick  every  time  it  strikes  the 
stops  which  limit  its  stroke.  These  stops  are  brass  pins,  and  naturally 
the  ticking  is  audible  when,  as  in  the  meter  on  the  table,  the  case  has 
been  removed  in  order  that  you  may  examine  the  works.    With  rubber 
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Evcrahcd.  ^^  leather  stops  the  ticking  is  quite  inaudible.  Of  course  the  ticking 
ceases  when  the  load  is  cut  off,  so  that  a  nervous  consumer  would  be  in 
no  danger  of  sleepless  nights.  In  this  respect  my  meter  differs  from  the 
Aron  meter,  in  which  the  ticking  of  the  two  pendulums  goes  on  day  and 
night,  load  or  no  load,  and  there  is  in  addition  an  intermittent  convul- 
sive click  due  to  the  self-winding  gear.  When  attempting  to  test  the 
accuracy  of  an  Aron  meter  by  counting  the  number  of  beats  one  pendu- 
lum makes  in  excess  of  the  other  in  a  given  time,  I  found  this  click  of  the 
winding  gear  peculiarly  distracting  ;  so  much  so  that,  in  despair,  I  gave 
up  testing  the  meter  at  light  loads.  I  made  a  test  at  full  load,  found  the 
meter  was  accurate  and  assumed  it  must  be  so  at  any  smaller  load.  I 
have  no  doubt  whatever  that  it  was,  since  it  is  a  meter  with  a  definite 
law. 

The  Stanley  meter  interested  me  from  the  moment  my  attention  was 
drawn  to  it  by  the  Examiner  of  the  United  States  Patent  Office,  and  I 
was  very  glad  to  hear  Mr.  Mordey's  remarks  upon  it,  although  I  could 
not  help  regretting  that  he  did  not  give  us  some  facts  and  figures  as  well 
as  generalities.  Of  course  one  knows  that  the  Stanley  meter  is  "  very 
nearly  frictionless."  All  motor  meters  are — so  their  makers  say.  I  wish 
Mr.  Mordey  could  have  told  us  what  the  friction  actually  is  in  the 
Stanley  meter,  and  what  ratio  it  bears  to  the  driving  torque.  We  should 
then  have  been  in  a  position  to  estimate  its  accuracy  at  any  load.  Mr. 
Mordey  also  forgot  to  tell  us  how  much  power  is  spent  in  the  pressure 
circuit  of  the  meter  and  what  voltage  drop  there  is  over  the  main 
current  coils  at  full  load — details  which  are  essential  if  we  are  compar- 
ing one  meter  with  another. 

Mr.  Mordey  believes  in  mercury  meters  for  direct  currents  and 
induction  motor  meters  for  alternate  currents.  I  cannot  altogether 
agree  with  him  there.  Mercury  as  a  means  of  leading  current  to  the 
rotary  part  of  a  meter  has  many  drawbacks  besides  the  excessive  fric- 
tion it  introduces.  For  alternate-current  work  the  induction  motor  has 
many  advantages,  no  doubt,  but  as  a  motor  for  a  meter  most  of  its 
characteristic  advantages  tend  to  vanish.  Of  course  the  absence  of  a 
commutator  is  a  rather  attractive  virtue,  but  even  this  is  only  purchased 
at  the  expense  of  something  else.  As  every  one  knows,  it  is  of  great 
importance  that  an  alternate-current  meter  should  correctly  register  the 
work  done  both  on  non-inductive  and  inductive  loads.  It  should  also 
be  as  nearly  as  possible  independent  of  frequency.  To  secure  this  in  an 
induction  motor  meter,  the  field  due  to  the  pressure  circuit  must  be  as 
nearly  as  possible  a  quarter  period  behind  the  field  due  to  the  main 
current.  Hence  we  find  makers  either  use  a  laminated  iron  core  electro- 
magnet to  give  the  pressure  field,  or  corelcss  copper  coils  in  series 
with  an  iron-cored  choking  coil  to  secure  the  required  difference  in 
phase  ;  in  either  case  there  is  a  constant  waste  of  power  in  the  iron  core 
in  addition  to  the  C'R  waste  in  the  exciting  coils.  To  secure  sufficient 
phase  difference  the  pressure  circuit  must  be  wound  so  that  the  quantity 
pL  is  at  least  ten  times  the  ohmic  resistance.  Assuming  this  ratio,  the 
power-factor  of  the  pressure  circuit  itself  will  be  about  'lo,  so  that  the 
pressure  current  will  amount  to  "lo  ampere  for  each  watt  wasted  inC'R 
and  hysteresis  in  the  pressure  circuit  when  on  a  loo-volt.  circuit.    This 
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necessitates  a  large  amount  of  copper  in  the  windings  in  order  to  keep  ETewhod. 
down  the  C'R  loss,  and  I  doubt  if  any  induction  motor  meter  has  yet 
been  made  with  so  small  a  constant  pressure  circuit  loss  as  i  watt.  As 
a  rule,  the  core  loss  and  C»R  loss  together  will  be  found  to  amount  to  3 
or  4  watts  if  not  more,  and  to  this  must  be  added  the  C'R  loss  in 
the  armature  due  to  the  current  generated  by  the  pressure  field — a  loss 
which  is  of  course  always  going  on. 

Assuming  the  waste  can  be  brought  as  low  as  2  watts,  the  current 
taken  by  the  pressure  circuit  will  be  *20  ampere  as  against  *oi  ampere 
for  the  "  frictionless  "  meter.  Imagine  a  high-tension  alternate-current 
station  supplying  at  1,000  volts.  For  each  1,000  induction  motor  meters 
on  their  mains  there  will  be  a  day  and  night  output  of  20  amperes,  as 
against  i  ampere  if  ''  frictionless  "  motor  meters  are  in  use. 

The  only  alternative  to  excessive  waste  in  the  pressure  circuit  of  an 
inductign  motor  meter  is  to  cut  down  the  pressure  field  and  obtain  the 
required  driving  torque  by  increasing  the  turns  on  the  main  current 
coils.  This,  of  course,  only  leads  to  a  new  trouble,  namely,  excessive 
voltage  drop  at  full  load.  One  of  the  early  makers  of  this  type  of  meter 
had  the  hardihood  to  assert  that,  although  there  was  a  large  drop  in  his 
meter,  it  was  all  due  to  the  self-induction  of  the  current  coils,  and  there- 
fore did  not  reduce  the  volts  on  the  lamps  ! 

As  an  example  of  the  indifference  of  meter  makers  to  such  an 
important  point  as  the  voltage  drop,  I  may  mention  that  in  one  of  the 
best  known  alternate-current  meters  in  the  market  the  drop  at  full  load 
is  as  much  as  57  volts  at  100  periods,  and  over  3  volts  at  50  periods. 
I  obtained  these  figures  by  actual  measurements  made  upon  a  loo-volt 
lo-ampere  meter. 

Mr.  Schattner  very  naturally  contrasts  the  apparent  complexity  of 
my  meter  with  the  apparent  simplicity  of  his  own  electrolytic  meter. 
It  is  true  that  an  electrolytic  meter  looks  very  simple,  but  this  is,  I 
think,  due  to  the  evasion  of  many  problems  we  meter  makers  are 
engaged  in  solving.  An  electrolytic  meter  cannot  be  sealed  up  and 
delivered  to  the  supply  station  ready  for  use.  It  requires  far  more 
constant  attention  than  even  defective  motor  meters,  and  even  with 
skilled  attention  it  is  liable  to  be  very  messy.  The  cost  of  all  this 
attention  and  upkeep  must  be  capitalised  and  added  to  the  prime  cost 
before  we  can  say  it  is  a  cheap  meter. 

The  arrangement  of  the  main  coils  which  is  suggested  by  Mr. 
Everett  in  his  communication  is  the  one  actually  used  in  the  meter,  but 
in  Pig.  7  the  two  front  bobbins  are  removed  in  order  to  show  the 
armature.  This,  no  doubt,  led  Mr.  Everett  to  suppose  tliat  I  was  only 
placing  current  coils  on  one  side  of  the  armatuie. 

The  method  of  calculating  the  field  of  coils  which  Mr.  Everett 
described  in  1897  is  a  very  useful  one  when  an  accurate  estimate  is 
essential,  but  what  one  usually  requires  is  a  rough  approximation  which 
can  be  arrived  at  in  five  minutes,  and  I  hardly  think  Mr.  Everett's 
method,  ingenious  as  it  is,  is  sufficiently  simple  for  everyday  use. 

Before  I  sit  down  I  desire  to  thank  Mr.  Ewart,  who  prepared  the 
drawings  which  arc  reproduced  in  the  paper  and  also  the  diagrams  on 
the  wall.    Mr.  Ewart's  masterpiece  hangs  over  there  on  the  wall,  where 
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Mr. 

Evershed. 


it  presents  a  rather  pleasing  contrast  with  the  masterpiece  above  it.  I 
am  also  indebted  to  Mr.  Mather  and  Mr.  Duddell,  though  I  do  not 
know  in  what  proportion  I  am  indebted  to  those  gentlemen  for 
sending  me  this  most  beautiful  arc-lamp  with  which  I  was  able  to  show 
you  the  frictionless  behaviour  of  No.  2  meter. 

You  will  find  a  note  sandwiched  in  between  the  end  of  the  paper 
and  the  beginning  of  the  appendices,  in  which  I  have  endeavoured  to 
express  the  obligation  I  am  under  to  Mr.  Co.x,  who  has  charge  of  the 
experimental  department  at  Woodfield  Works.  That  note  barely 
expresses  my  indebtedness.  When  two  people  have  been  working 
together  as  Mr.  Cox  and  I  have  been  upon  the  meter  for  the  last  three 
or  four  years,  it  is  very  difficult  indeed  for  them  to  divide  the 
responsibility  for  the  result  of  their  labours.  Any  credit  there  may  be 
attached  to  the  design  of  the  meter  must  be  shared  between  us.  I  do 
not  see  my  way  to  divide  it  in  any  way,  and  I  hope  you  will  not  do  so 
either.  I  should  like  to  draw  attention  to  this,  that  when  we  found 
that  the  ordinary  commutator  with  brushes  needed  some  alteration  in 
order  to  make  it  good  and  serviceable  in  the  meter,  it  so  happened  that 
I  was  working  with  elastic  roller-brushes  applied  to  the  generator  used 
in  a  certain  testing  set  with  which  you  are  probably  familiar.  I  have  a 
sample  of  the  new  generator  here  on  the  table,  fitted  with  elastic  roller- 
brushes.  These  brushes  worked  so  admirably  that  it  occurred  to  me 
that  we  ought  to  be  able  to  apply  a  similar  kind  of  roller-brush  to  the 
meter,  and  I  set  Mr.  Cox  to  work  to  make  some  very  light  elastic 
rollers  and  apply  them  to  the  commutator  of  the  meter.  I  found  Mr. 
Cox  one  day  very  unhappy,  because  he  could  not  make  the  elastic 
roller  light  enough.  He  said,  "  Let  me  make  a  rigid  roller,  and  make 
the  commutator  elastic."  I  thought  that  would  do  ;  anyhow,  we  would 
try  it.  We  have  never  tried  anything  else,  and  I  do  not  suppose  we 
ever  shall.  The  idea  is  simply  perfection.  That  is  really  due  to  Mr. 
Cox's  fertility  of  resource,  and  I  am  very  glad  to  see  that  it  pleased 
several  of  the  speakers.*  I  am  sure  that  you  will  all  admire  it  when  you 
see  it  working  in  the  meter. 

I  think  I  have  now  touched  upon  all  the  points  raised  in  the 
discussion,  and  I  have  once  more  to  thank  you  for  the  reception 
you  have  given  to  the  paper. 


The 
President. 


The  President  :  I  now  ask  you  to  pass  a  hearty  vote  of  thanks  to 
Mr.  Evershed  for  his  most  admirable  paper. 
The  vote  was  carried  by  acclamation. 


The  President  announced  that  the  scrutineers  reported  the  following 
candidates  to  have  been  duly  elected  : — 


Associate  Members: 


Edward  Winram  Dickinson. 
Ernest  Albert  Ellicott, 


John  James  Mann. 
George  Prescott. 
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James  Young  Fletcher. 
Joseph  Rayner  Gibson. 
Edgar  Green. 


George  Bewsey  Dyke. 
Frank  Herbert  Fitt. 
Ernest  Lloyd  Hocking. 


Henri  L.  Joly. 

Ernest  R.  Matthews,  C.E.,  F.G.S. 
Albert  Ernest  Preston. 
S.  R.  A.  Wood. 


Students  : 


Frederick  John  Holmes. 
Richard  Arnaud  Kennedy. 
Henry  Felix  Northcote. 
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The  Three  Hundred  and  Forty-ninth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Mechanical  Engineers,  Storey's  Gate,  Westminster, 
on  Thursday  evening.  May  17th,  1900,  Professor 
SiLVANUS  p.  Thompson,  F.R.S.,  President,  in  the 
Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
May  loth,  1900,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the  Insti- 
tution were  announced,  and  ordered  to  be  suspended. 

The  following  transfer  was  announced  as  having  been 
approved  by  the  Council : — 

From    the    class    of  Associates    to    that  of  Associate 

Members — 

Henry  J.  Rogers. 

The  President:  In  addition  to  the  transfer  which  has 
been  announced,  there  is  now  to  be  read  another  and 
somewhat  long  list  of  transfers,  being  the  completion  of 
the  incorporation  into  our  own  body  of  the  members  of  all 
grades  of  the  late  Northern  Society  of  Electrical  Engineers. 
This  is  the  final  act,  if  I  may  call  it  so,  of  that  movement 
which  brings  now  to  us  such  a  gratifying  increase  of  our 
members,  and  strengthens  our  hands  in  the  district  in  and 
around  Manchester.  It  is  a  matter  of  great  congratulation 
to  the  Council  that  this  incorporation  should  have  been 
carried  through,  and  we  feel  we  owe  a  distinct  debt  of  grati- 
tude to  the  Officers,  the  Council,  and  the  Hon.  Secretary 
of  the  Northern  Society,  who  have  co-operated  with  us  in 
such  a  satisfactory  and  cordial  way  in  smoothing  over  all 
the  difficulties  which  otherwise  might  have  occurred,  pulling 
together  with  us,  and  enabling  us  to  bring  to  a  conclusion 
this  somewhat  delicate  negotiation.  The  Council  has  ac- 
cepted the  transfers  of  a  considerable  number  of  names  into 
the  various  grades,  and  there  remain  only  a  few  more  names 
to  be  brought  up  on  some  subsequent  occasion,  names 
which,  for  reasons  I  need  not  go  into,  have  been  left  for  a 
future  decision.  I  think  there  are  about  a  dozen  names  yet 
to  come  up,  but  the  great  body  of  the  membership  is  now 
transferred  as  you  will  hear.    The  list  adds  to  our  member- 
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ship  now  actually  on  the  register  66  additional  names,  and 
I  believe  there  are  several  more  to  come. 

The  Secretary  then  read  the  list  of  names  as  follows  :— 

Members  of  the  Northern  Society  of  Electrical  Engineers 

Transferred, 

To  the  Class  of  Members  : — 


J.  B.  Atherton. 

A.  R.  Bellamy. 

A.  B.  Blackburn. 

Thomas  Browett. 

James  Connolly. 

John  T.  Connolly. 

J.  F.  L.  Crosland. 

G.  St.  John  Day. 

Frederick  Charles  Gibbons. 

Joseph  Piatt  Hall. 

Tom  Hawkins. 

George  Hill. 

William  Lawrie. 

Herbert  Lindley. 


Robert  Matthews. 
Charles  S.  Northcote. 
A.  B.  Pescatore. 
T.  L.  Pescatore. 
Montague  Tabor  Pickstone. 
Roland  S.  Portheim. 
Percy  Rosling. 
Godfrey  B.  Samuelson. 
Joseph  F.  Simpson. 
Reginald  Arthur  Smith. 
William  Stead. 
A.  Still. 
F.  Thursfield. 
Frederick  Whiteley. 


To  the  Class  of  Associate  Members . — 


Herbert  G.  Baggs. 
John  D.  Bailie. 
George  Barnard. 
A.  B.  Brook. 
George  Broughall. 
S.  H.  Casson. 
John  Darney. 
W.  M.  France. 
Alfred  E.  Garbutt. 
H.  W.  Heywood. 
Samuel  Jones. 


T.  G.  Littleboy. 
Alexander  Marr. 
E.  A.  Paris. 
Edwin  Parker. 
Philip  C.  Pope. 
W.  F.  Price. 
Francis  E.  Procter. 
P.  A.  Ramage. 
George  H.  Scholes. 
John  Joseph  Tinker. 
Roger  H.  Willis. 


To  the  Class  of  Associates  : — 


G.  L.  Adamson. 
H.  Anderson. 
Albert  Battersby. 
Charles  W.  V.  Biggs. 
E.  J.  H.  Christie. 
S.  Hartford. 
E.  L.  Liley. 
Andrew  L.  Lind. 


David  S.  Mitchell. 
Frank  W.  Page. 
John  B.  Parkinson. 
Sydney  Payne. 
Robert  Shaw. 
A.  F.  Stephenson. 
Arnold  Sugden. 
Albert  Wilkinson. 


Mr.  C.  S.  Thomson  and  Mr.  H.  W.  Wilkinson  were  ap- 
pointed  scrutineers  of  the  ballot  for  the  election  of  new 
members. 
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A  donation  to  the  Library  was  announced  as  having  been 
received  since  the  last  meeting  from  Mr.  W.  H.  Lindley,  and 
to  the  Building  Fund  from  Mr.  J.  Maclean,  to  whom  the 
thanks  of  the  meeting  were  duly  accorded. 

The  President  :  I  received  a  couple  of  days  ago  a 
letter  from  M.  Mascart,  the  President  of  the  Electrical 
Congress  which  is  to  be  held  in  Paris  in  August,  and  to 
which  our  Institution  is  sending  delegates.  M.  Mascart,  as 
you  remember,  is  elected  as  one  of  our  Vice-Presidents  for 
the  coming  year.  The  letter  which  he  has  addressed  to 
me  relates  to  contributions  from  possible  English  WTiters 
to  be  read  at  the  Congress,  and  contains  the  following  para- 
graph :— 

"  Pour  faciliter  les  discussions  au  Congres  d'electricite,  nous  avons 
pense  qu'il  serait  tres  utile  d'avoir  une  serie  de  rapports  sur  les  ques- 
tions qui  presentent  le  plus  d'actualite.  Quelques-uns  de  nos  coUegues 
nous  ont  promis  deja  des  resumes  sur  les  sujets  suivants  :— 

1.  Recapitulation    des   decisions    des  Congres  anterieurs   sur  les 

grandeurs  et  les  unites. 

2.  Sur  la  photometric. 

3.  Sur  le  couplage  des  alternateurs. 

4.  Sur  les  lampes  electriques. 

5.  Sur  les  prises  de  courant  pour  tramways. 

6.  Sur  les  commutatrices  et  transformateurs  redresseurs. 

7.  Sur  I'emploi  des  condensateurs. 

8.  Sur  les  generatrices  asynchrones  et  sur  le  compoundage  des  alter- 

nateurs. 

9.  Sur  la  galvanoplastie. 

10.  Fours  employes  a  la  production  du  carbure  de  calcium. 

11.  Telegraphie  sans  fil. 

"Nous  distribuerons  dans  quelques  jours  un  programme  plus  de- 
taille  pour  le  Congres,  comprenant,  autant  qu'il  nous  a  paru,  toutes  les 
questions  qui  se  preteraient  a  des  communications,  mais  ce  programme 
n'est  pas  limitatif . 

"  11  serait  interessant  que  nous  puissions,  en  meme  temps  que  les 
rapports  precedents,  faire  imprimer  et  distribuer  aux  membres  du 
Congres  avant  les  seances  d'autres  rapporjts  prepares  par  des  electriciens 
anglais  sur  des  sujets  a  leur  choix.  Ces  rapports  pourraient  etre  tres 
courts,  de  8  a  12  pages  par  exemple,  et  nous  aurions  grand  plaisir  a  les 
recevoir.  On  en  ferait  la  traduction  et  Timpression  en  envoyant  une 
epreuve  a  I'autcur. 

"  Vous  pourriez  peut-etre  soulever  cette  question  de\'ant  la  Societe 
des  ingenieurs  electriciens  et  nous  y  recruter  quelques  redacteurs, 
dont  chacun  traiterait  un  sujet  de  sa  competence,  et  nous  comptons 
bien  que  vous  donneriez  vous-meme  I'exemple." 
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The  Council  has  decided,  having  now  put  before  the 
membership  this  letter  inviting  contributions  for  the  Con- 
gress, that  all  British  members  who  propose  in  this  way  to 
respond  to  this  invitation  and  to  prepare  contributions  to 
be  read  at  the  Congress,  should  be  invited  to  submit  the 
papers  beforehand  to  the  Committee  of  the  Council' which 
was  appointed  some  time  ago  for  dealing  with  matters  in 
connection  with  the  Paris  Congress. 

I  now  call  upon  Mr.  Eborall  to  read  us  the  paper  which 
he  has  prepared  on  "The  Alternating-Current  Induction 
Motor." 


ALTERNATING-CURRENT    INDUCTION    MOTORS. 
By  A.  C.  Eborall,  Associate. 

In  the  following  paper  some  practical  points  connected 
with  the  construction,  design,  and  performance  of  modern 
single  and  polyphase  induction  motors  are  first  considered, 
and  then  follows  a  brief  consideration  of  some  recent 
developments  in  this  branch  of  electrical  engineering.  The 
author  originally  intended  to  submit  a  short  paper  on 
starting  devices  for  single-phase  motors,  but  it  afterwards 
occurred  to  him  that  it  might  prove  of  interest  to  bring  up 
the  whole  question  of  alternating-current  induction  motors 
for  discussion,  as  the  subject  is  of  considerable  interest  to 
many,  and  has  been  somewhat  neglected  in  this  country 
up  to  the  present. 

On  the  other  hand,  some  apology  is  needed  for  pre- 
senting such  a  paper  to  the  Institution,  because  there  is    jf(i 
little  that  is  really  new  in  this  branch  of  electro-technics. 

PART  I. 

The  Construction  of  Induction  Motors. 

(A)  Iron-work,  The  design  of  the  iron-work,  that  is,  of 
the  stator  and  rotor  cores,  motor  case,  bearings,  etc.,  is  the 
same  for  all  motors,  single  or  polyphase,  because  a  single- 
phase  motor  is  practically  a  polyphase  motor  running  on 
one  phase.'    The  general  design  of  all  induction  motors 

'  While  this  is  perfectly  true,  and  although  the  general  constructional  lines 
are  similar  in  each  case,  it  must  be  borne  in  mind  that  far  greater  care  has  to 


Digitized  by  LjOOQ  IC 


800  EBORALL:  ALTERNATING-CURRENT  [May  17lh, 

with  regard  to  the  case  and  bearings  is  fairly  uniform  with 
all  makers.  Up  to  loo  horse-power,  and  for  pressures  not 
exceeding  i, coo  volts,  most  standard  motors  are  semi-enclosed, 
the  stator  core-discs  being  built  up  inside  a  cast-iron  case, 
and  the  bearings  carried  on  open  end  shields.  Thus  the 
motors  are  virtually  without  bed-plates.  Bearings  are 
invariably  provided  with  ring  or  chain  oilers,  and  the  sleeves 
are  of  gun-metal  for  the  small  sizes,  and  of  Babbitt  metal  for 
the  larger  sizes.  Shafts  are  frequently  case-hardened  in  the 
neck  and  afterwards  ground  true. 

For  larger  motors  than  loo  horse-power,  and  for  voltages 
above  i,ooo,  a  more  open  construction  is  employed,  in- 
volving the  use  of  a  bed-plate,  to  which  the  stator  case  and 
the  pedestals  are  bolted.  In  this  case  the  bearings  are 
usually  spherical.  With  large  motors,  great  care  has  to  be 
taken  to  keep  the  bearings  absolutely  rigid  with  regard  to 
the  stator  case,  on  account  of  the  relatively  small  air-gap. 
For  instance,  for  a  300  horse-power  induction  motor  running 
at  200  revolutions  per  minute,  at  40  cycles,  the  diameter  of 
the  rotor  works  out  to  be  about  8  feet,  and  the  air-gap  (iron 
to  iron)  would  not  exceed  0*2  inch.  With  such  a  motor,  it 
is  absolutely  necessary  to  stiffen  the  pedestals  by  means  of 
arms  radiating  from  them  and  bolted  to  the  stator  case. 

Stator  stampings  are  usually  not  less  than  20  mils  in 
thickness,  and  are  built  up  with  or  without  insulation 
between  them.  Ventilating  ducts  are  usually  provided  in 
the  core  for  all  sizes  above  30  horse-power.  Rotors  are 
built  up  from  stouter  stampings,  which  need  never  be 
insulated ;  ventilating  ducts  in  them  need  not  be  provided 
for  motors  less  than  50  horse-power,  on  account  of  the 
absence  of  iron  loss  in  the  cores  of  any  appreciable  amount. 

The  windings  for  both  stator  and  rotor  must  always  be 
iron-clad ;  that  is,  the  cores  must  be  provided  with  holes  or 
slots.  In  Fig.  I  are  illustrated  some  typical  forms  of  stator 
holes  and  slots. 

The  form  marked  A  is  the  well-known  Brown  rect- 
angular  hole ;  that  marked  B  is  used  by  Messrs.  Kolben 

be  taken  with  the  design  of  a  single-phase  motor  than  with  that  of  a  polyphaser 
if  the  best  results  are  to  be  obtained.  The  bad  effects  of  magnetic  leakage 
are  felt  far  more  with  the  former  than  with  the  latter,  and  the  performance 
of  the  motor  is  affected  by  apparently  insignificant  details  of  design.  How- 
ever, a  very  good  polyphase  motor  will  make  a  fairly  good  single-phase 
motor,  as  a  general  rule. 
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&  Co ;  that  marked  C  is  the  usual  shape  used  in  Ger- 
many ;  those  marked  D  and  E  are  American  forms ; 
while  finally,  the  slot  marked  F  is  generally  used  in  the 
motors  built  by  the  author's  firm.  The  greatest  winding 
space  is  given  with  square-topped  slots — the  bottom  of  a 
slot  or  hole  is  best  kept  rounded,  as  it  produces  a  more  even 
pole. 

The  arguments  for  and  against  the  use  of  holes  and  slots 
are  as  follows  : — With  the  employment  of  a  hole-winding, 


im  nn  im 


m  m  im 

Fig.  I. 

the  magnetising  current  of  the  motor  is  reduced  to  a 
minimum,  because  the  inner  periphery  of  the  stator  is 
smooth  all  round,  and  consequently  the  area  of  the  air-gap 
is  as  large  as  possible.  But  if  the  small  iron  bridges  at  the 
bottom  of  the  holes  are  more  than  mere  shreds  of  metal, 
of  the  thickness  of  paper,  there  is  considerable  magnetic 
leakage  across  them,  which  may  greatly  affect  the  performance 
of  the  motor.  In  order  to  prevent  this  leakage,  not  only 
have  the  stator  core  discs  to  be  tooled  after  being  built  up, 
that  is,  a  cut  has  to  be  taken  off  the  bore  of  the  stator,  but 
the  interior  -of  the  holes  has  to  be  filed,  and  so  the  iron 
losses  are  unavoidably  increased.    A  hole-winding  produces 
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a  somewhat  smoother  pole  than  a  slot-winding,  but  the 
former  is  much  more  difficult  to  wind,  and  the  conductors 
are  liable  to  get  injured  owing  to  abrasion  of  the  insulation 
while  being  pulled  through,  especially  as  the  holes  get  nearly 
filled  up  with  wires,  and  this  injury  may  easily  escape 
detection  at  the  time. 

The  only  real  objection  to  partly  closed  slots  is  the 
increase  of  magnetising  current  produced  by  their  use  (it 
will  generally  increase  10-15  P^^  cent.),  but  in  the  author's 
opinion  this  objection  is  far  outweighed  by  the  smaller  iron 
loss  and  greater  convenience  attained  with  slot-windings. 

In  many  American  motors  the  slots  are  quite  straight,  as 
shown,  that  is,  their  sides  are  parallel ;  this  permits  the  use 
of  former-wound  stator  coils,  which  is  an  advantage,  but  on 
the  other  hand,  the  magnetising  current  of  such  motors  is 
relatively  very  high. 

A  hole-winding  is  open  to  another  objection — unless  a 
great  many  experimental  data  are  available,  it  is  impossible 
to  calculate  the  motor  in  question  accurately,  as  magnetic 
leakage  cannot  be  estimated  with  any  accuracy.  On  the 
other  hand,  the  performance  of  a  motor  having  open  or 
partly  closed  slots  can  be  accurately  predetermined  from 
the  drawings,  by  means  of  suitable  vector  diagrams,  such  as 
those  of  Heyland  »  or  Rothert. 

With  regard  to  the  relative  proportioning  of  stator  and 
rotor  holes  or  slots,  the  lengths  of  these  should  not,  if 
possible,  exceed  2J  times  the  width,  and  the  nearer 
they  approximate  to  square  or  circular  shape,  the  better. 
This  amounts  to  saying  that  the  winding  depth  must  be 
kept  down,  as  otherwise  the  power-factor  and  the  over-load 
capacity  of  the  motor  will  be  affected.  The  performance  of 
a  motor  at  starting,  particularly  if  it  has  a  permanently  short- 
circuited  rotor,  and  especially  if  single-phase,  may  be  greatly 
improved  by  so  designing  the  rotor  that  the  slots  or  holes  of 
the  latter  are  not  parallel  to  the  holes  or  slots  of  the  stator— 
for  instance,  they  may  be  "  staggered  "  by  an  amount  not 
exceeding  their  pitch. 

This  constructional  feature,  first  put  forward  by   Mr. 


» Refer  to  Polyphase  Elcciric  Currents  (Dr.  Thompson),  and  edition,  1900 1 
or  to  Mr.  Heyland's  latest  publication,  Expentnentellcn  U titer stichun^n  an 
Induktiofismotoreftf  1900  (published  by  F.  Enke^  Stuttgart). 
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C.  E,  L.  Brown  about  six  years  ago,  is  used  with  all  the 
induction  motors  built  by  the  author's  firm,  including  the 
Heyland  single-phase  motors,  as  the  results  of  many  tests 
show  it  to  be  of  considerable  value. 

The  insulation  of  holes  or  slots  is  usually  effected  by 


Fig.  2. 


means  of  insulating  tubes  of  compressed  paper,  fibre,  veneer 
board,  or  micanite,  the  latter  material  being  of  course  best, 
but  not  necessary  for  low-teiision  motors. 

The  building-up  of  the  stator  core  in  the  motor  case  is 
an  important  feature  of  the  design,  and,  moreover,  the 
details   connected  with  it  are  frequently  neglected.     First, 
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the  stator  core-discs  should  always  be  supported  away  from 
the  case,  and  secondly,  after  having  been  assembled  together, 
the  stampings  should  not  be  tooled.^  It  is  frequently  diflS- 
cult  to  avoid  this  after-tooling,  more  especially  on  account  of 
the  absolute  necessity  of  having  everything  concentric,  and 
therefore  the  author  thinks  it  may  be  of  interest  to  describe 
one  method  employed  by  his  firm,  as  it  has  been  found  to 
give  excellent  results  from  all  points  of  view  ;  the  method 
described  is  somewhat  modified  for  large  motors. 

The  stator  core-discs  are  first  stamped  out  of  the  sheet- 
metal  as  exactly  as  possible  (with  modern  American  tools 
great  accuracy  can  be  attained),  and  then  built  up  on  an 
iron  mandrel.  After  this,  the  end  rings  rr  (Fig.  2)  are 
riveted  on,  the  whole  arrangement  put  in  the  lathe,  and  the 
four  projections  on  the  rings  a  a  turned  down  to  the  right 
diameter,  but  left  a  trifle  full.  The  case  of  the  motor, 
already  turned  on  the  faces  b  b,  is  now  heated,  and  pushed 
over  the  core  in  this  condition,  so  that  after  cooling,  the 
shrinkage  of  the  case  holds  the  core  tightly  and  securely. 
But  to  make  everything  absolutely  certain,  two  or  three 
screws  5  fix  the  case  and  the  core  positively.  After  the  core 
is  fixed  in  the  case,  the  flanges  on  the  latter,  F  F,  are  turned 
down,  and  must  be,  therefore,  absolutely  concentric  and 
true  with  the  stator  bore,  and  true  with  the  axis  of  the 
latter.  Finally,  the  slots  and  end  rings  are  heavily  insulated, 
and  the  winding  put  in.  The  rotor  cores  are  built  up  in  the 
ordinary  manner  on  the  shaft,  or  on  a  spider,  and  are  then 
put  in  the  lathe,  and  the  finest  possible  cut  taken  off  them. 
In  some  cases  even  this  cut  is  omitted,  any  slight  irregu- 
larity or  burr  being  removed  by  grinding. 

The  method  of  building  the  core  into  the  case  described 
and  illustrated  above  will  readily  be  seen  to  possess  several 
advantages.  These  are,  first,  that  owing  to  the  core  being 
supported  away  from  the  case,  leakage  through  the  latter  is 
minimised,  and  consequently  wasteful  eddy  currents  and 
other  detrimental  effects  are  avoided,  and  moreover  a  free 
circulation  of  air  can  take  place  all  round  the  core  ;  secondly, 
the  eddy  current  losses  in  the  core  and  teeth  are  reduced  to 
a  minimum,  and  approximate  very  closely  to  the  value 
obtained  by  calculation  ;  and  thirdly,  as  the  core-discs  are 

*  See,  however,  previous  remarks  regardiDg  hole-windings. 
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built  up  quite  independently  of  the  motor  case,  the  width  of 
core  can  be  adjusted  within  certain  limits  to  suit  the  output 
of  the  motor — a  great  advantage  in  practice,  as  it  allows  a 
given  case  to  be  used  for  motors  of  several  sizes,  and  to  a 
certain  extent  permits  convenient  variations  to  be  made 
from  standard  designs. 

It  is  usual  with  some  constructors,  notably  with  Mr. 
Kolben,  to  make  the  end  rings  or  cheeks  of  the  stator  cores 
of  brass  or  gun-metal.  It  is  claimed  that  by  doing  this  the 
leakage  from  pole  to  pole  along  the  side  flanks  of  the  stator 
is  sensibly  diminished,  or  prevented  altogether. 

(B)  Windings.  The  stator-  and  rotor-windings  of  all 
modern  induction  motors  are  always  of  the  drum  type, 
these  windings  consisting  in  all  cases  either  of  simple 
rectangular  coils,  or  regular  bar-windings,  or  modifications 
of  the  latter — for  instance,  the  so-called  squirrel  -  cage 
windings.  A  ring- winding  has  three  great  disadvantages; 
first,  it  has  an*  inherently  large  leakage  coefficient ; 
secondly,  its  use  necessitates  the  employment  of  a  massive 
brass  frame  around  the  stator  core  (in  order  to  minimise 
magnetic  leakage)  and  it  practically  precludes  the  use  of  an 
external  iron  containing-case  for  the  stator,  thus  making  the 
mechanical  construction  of  the  motor  difficult  and  expensive; 
and  thirdly,  there  is  much  idle  wire. 

As  already  stated,  the  stator  coils  of  all  motors  are  wound 
either  in  holes  or  slots,  and  for  all  usual  sizes  of  motor 
these  coils  can  be  wire-wound  with  rectangular  coils.  With 
single  and  two-phase  motors  employing  wire  or  cable- 
wound  rectangular  coils,  there  will  be  two  ranges  of  coils, 
one  range  consisting  of  simple  rectangular  coils  with  straight 
ends,  the  ^other  range  consisting  of  precisely  similar  coils, 
but  with  bent  ends.  Thus  each  phase  of  the  motor  (with 
single-phasers  the  starting  coils,  occupying  not  more  than 
one-third  of  the  total  winding  space,  may  be  regarded  as 
the  second  phase  of  the  motor)  will  be  made  up  of  coils  of 
definite  shape,Hhe  coils  of  one  phase  being  bent,  at  the  ends, 
up  and  over  the  coils  of  the  other  phase,  in  order  to  clear 
them  ;  from  this  arises  the  workshop  terms  of  the  "  straight 
phase  ''  and  the  "  bent  phase,"  as  applied  to  two-phase  and 
single-phase  motors.  With  the  latter  type  of  motor,  the 
starting  phase  is  invariably  the  bent  phase,  from  motives  of 
convenience  in  winding. 
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With  two-phase  and  single-phase  motors,  it  is,  usual  to 
wind  all  the  poles;  that  is,  considering  one-phase  only,  the 
coils  of  this  will  be  wound  alternately  right  and  left-handed 
with  regard  to  the  direction  of  the  current  in  them,  that  is, 
they  w^ill  be  cross-connected  in  the  usual  manner. 

It  is  clear  that  for  three-phase  stators  having  rect- 
angular coils,  it  would  be  a  great  practical  advantage  if 
they  could  also  be  arranged  for  two  sets  of  coils,  as  with 
three  sets  the  crossings  of  the  phases  at  the  ends  are  not 
only  a  source  of  danger  (from  the  insulation  point  of 
view),  but  prevent  damaged  coils  from  being  easily  repaired. 
Moreover,  if  each  set  is  in  a  different  plane,  there  is  no 
possibility  of  removing  the  rotor  without  removing  the 
"  bent  down  "  coils,  unless  the  stator  core  is  built  up  in 
sections— a  quite  inadmissible  construction.  Consequently, 
for  all  three-phase  stators  for  motors  of  standard  sizes,  and 
for  all  high-tension  motors,  the  coils  of  the  various  phases 
are  always  arranged  in  two  sets,  just  as  for  two-phase 
motors,  the  coils  of  a  given  phase  being  alternately  bent  and 
straight.  But  in  order  to  do  this,  and  at  the  same  time 
preserve  the  proper  phase-relation  and  pitch  of  the  coils, 
an  important  modification  of  the  winding  has  to  be  made, 
namely,  only  poles  of  the  same  sign  are  wound,  in  each 
phase.  For  instance,  considering  one  phase  only,  there  will 
be  as  many  coils  as  there  are  pairs  of  poles,  and  all  coils  will 
be  precisely  similar  wuth  regard  to  the  direction  of  winding 
and  to  the  manner  of  connecting  them  up.  This  winding, 
which  simply  leaves  each  alternate  pole  unwound  and 
doubles  the  number  of  turns  on  the  wound  poles,  is 
obviously  equivalent  to  the  winding  referred  to  above,  both 
electrically  and  mechanically,  but  somewhat  moi'e  copper 
is  required  w^th  it,  on  account  of  the  mean  length  of  turn 
being  greater. 

It  is  worthy  of  note  that  wdth  such  three-phase  windings 
for  stators  having  an  odd  number  of  pairs  of  poles,  the 
winding  becomes  slightly  unsymmetrical  at  otie  point,  where 
the  end  connections  of  the  phases  cross  one  another. 
This  can  be  readily  seen  from  an  inspection  of  Fig  3, 
which  shows  a  six-pole  stator.  Although  for  high-tension 
motors,  and  for  very  large  low-tension  motors,  this  may  be 
an  inconvenience,  it  is  not  found  to  present  disadvantages 
in  practice,  for  motors  of  standard  sizes  and  voltages.     As  a 
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general  rule  too,  the  speeds  of  high-tension  motors  can  be 
so  chosen  that  the  number  of  pairs  of  poles  required  is  even, 
while  for  the  large  low-tension  motors,  having  an  uneven 
number  of  pole  pairs  with  bar-windings,  it  is  perfectly  safe 
and  allowable  to  wind  the  stator  with  three  ranges  of  coils, 
the  end  connectors  being  bent  up  and  back  as  shown  in 


Fkj.  3. 


Fig.  4.  Or,  should  this  mode  of  construction  be  deemed 
inadvisable,  on  account  of  space  for  the  end  connections 
being  limited,  or  for  other  reasons,  the  stator  for  such  large 
motors  can  be  conveniently  and  effectively  wound  with  a 
closed  bar-winding.  Such  a  bar-winding,  drawn  out 
schematically  for  a  two-phase  motor,  is  shown  in  Fig.  5, 
the  four-pole  case  being  taken  for  simplicity. 

Standard  three-phase  stators  wound  with  rectangular  coils 
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invariably  have  the  coils  connected  star  fashion.  Stator  bar- 
windings  for  large  low-tension  motors  can  be,  and  very 
frequently  are,  used  with  the  mesh  connection.  Combi- 
nations of  star  and  mesh  are  rarely  or  never  found  with 
modern  three-phase  motors. 

The  number  of  holes  or  slots  per  stator  pole  per  phase 
has  an  important  bearing  upon  the  design  of  all  induction 
motors.  In  order  to  keep  the  winding  depth  down,  and 
to  produce  an  even  pole,  this  number  is  best  made  as  high 
as  possible — in  practice  it  varies  between  four  and  eight. 
As  is  well  known,  with  small  motors,  having  squirrel-cage 
rotor-windings,  the  number  of  stator  holes  or  slots  should 
be  preferably  prime  to  the  number  of  rotor  holes  or  slots, 
the  latter  being,  if  possible,  more  numerous  than  the  former, 
as  this  tends  to  prevent  a  cogging  acting  action  taking  place 
between  the  stator  and  rotor  fields.  The  point  is,  however, 
of  small  importance  when  wound  rotors  are  used. 


Fig.  4. 

Rotor  windings  for  all  induction  motors  are  of  two 
kinds,  namely,  permanently  short-circuited  rotors,  and 
rotors  having  the  ends  of  the  windings  brought  to  slip-rings 
for  the  purpose  of  inserting  a  resistance  into  the  winding  at 
starting.  The  design  and  arrangement  of  these  rotors  is 
independent  of  the  number  of  phases  and  of  the  stator 
voltage,  a  given  rotor  serving  for  a  single-,  two-,  or  three- 
phase  motor,  provided  that,  if  slip-rings  are  used,  the 
number  of  stator  poles  is  the  same  in  each  case,  and  that 
the  flux  per  pole  in  the  gap  has  the  same  value.  There 
appears  to  be  some  difference  of  opinion  as  to  how  far  the 
permanently  short-circuited  rotor  can  be  used  with  satis- 
factory results — that  is,  at  what  output  of  motor  it  is  best  to 
bring  in  the  starting  resistance.  For  motors  having  to  start 
against  load  (apart  from  crane,  elevator,  and  mining  motors), 
the  author  is  decidedly  of  opinion  that  the  squirrel-cage 
construction,  or  its  modifications,  should  be  avoided 
with  all  polyphase  motors  above  5  B.H.P.  With  single- 
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phase  motors,  which  are  usually  arranged  to  start  up  light, 
wound  rotors  with  slip-rings  should  be  used  over  7J  B.H.P. 
With  the  Heyland  single-phase  motors,  referred  to  at  length 
later  on,  a  starting  resistance  in  the  rotor  is  used  for  all 
sizes.  If  the  use  of  the  permanently  short-circuited  rotor 
is  pushed  too  far,  the  pressure  regulation   of  the   system, 


Fig.  5. 

whatever  the  number  of  phases,  is  greatly  impaired,  owing 
to  the  excessive  current  consumption  during  the  starting 
up  of  the  motors.  When  it  is  considered  that  the  best 
polyphase  motors  with  squirrel-cage  rotors,  and  starting 
under  full  load,  require  a  momentary  rush  of  current  equal 
to  at  least  two  and  a  half  times  the  full-load  current,  this 
statement  will  be  readily  believed.  It  must  not  be  for- 
gotten in  this  connection,  that  under  such  circumstances. 
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the  power  factor  at  the  moment  of  starting  will  be  low, 
with  the  result  that  the  drop  on  the  transformers,  and  perhaps 
even  on  the  generators,  is  still  further  increased. 

With  regard  to  squirrel-cage  rotors,  and  to  the  modi- 
fication of  them,  the  rotor  wire-wound  with  closed  coils, 
there  is  not  much  to  say.  The  chief  difficulty  with  the 
former  lies  in  the  fact  that  it  is  difficult  to  make  a  good 
mechanical  job  of  the  connections  to  the  end  rings. 
If  the  rotor  bars  are  screwed  to  these  rings,  the  contact 
between  bar  and  ring  is  not  only  uncertain,  but  however 
good  it  may  be  at  first,  it  is  certain  to  deteriorate  under 
the  influence  of  the  heavy  rotor  currents,  and  the  heating 
and  cooling  of  the  rotor.  Consequently,  most  makers 
sweat  the  rings  over  the  projecting  and  flattened  ends  of  the 
bars.  But  with  this,  the  rings  will  sometimes  melt  completely 
off  under  overloads,  splashing  the  solder  all  over  the  stator 
coils,  and  generally  doing  other  damage.  The  author's 
firm  braze  the  rings  on,  when  a  motor  of  this  character  is 
put  to  work  of  an  exceptionally  heavy  nature,  where  over- 
loads are  the  rule  and  not  the  exception,  or  when  the 
starting  conditions  are  severe.  Messrs.  Kolben  get  over 
the  difficulty  in  the  manner  shown  in  Fig.  6;  here  the 
rotor  bars  are  connected  to  the  short-circuiting  rings  by 
means  of  thin  copper  strips,  used  as  radial  connectors.  The 
rings  themselves  are  of  bronze,  and  are  of  small  diameter, 
but  very  massive ;  they  are  keyed  directly  on  the  shaft 
without  any  insulation  whatever.  In  a  communication  to 
the  author,  Mr.  E.  Kolben  states  that  he  has  found  this 
construction  to  prevent  entirely  the  evil  mentioned  above, 
and  that  it  greatly  assists  his  single-phase  motors  to  start 
well, — doubtless  on  account  of  the  extra  resistance  in  the 
strips.  Mr.  Kolben  also  uses  this  construction  for  larger 
motors  for  crane  and  similar  work  (where  large  starting 
torques  are  required  without,  if  possible,  the  employment  of 
a  starting  resistance)  as  it  allows  of  the  insertion  of  the 
resistance  strips  of  brass  or  other  material,  in  place  of  the 
copper  connectors. 

Several  firms,  notably  the  Oerlikon  Company,  avoid  the 
squirrel-cage  construction  altogether,  by  winding  the  rotor 
with  closed  coils.  In  this  case  the  rotor  winding  may 
either  consist  of  a  regular  wave  winding,  taken  all  the  way 
round  either  once  or  else  several  times  and  finally  short- 


Digitized  by  LjOOQ  IC 


1900.] 


INDUCTION   MOTORS. 


811 


1 


circuited,  or  better,  of  a  number  of  coils,  or  groups  of 

separately      short-circuited. 

Such  wire- wound  rotors  are 

naturally    more    expensive 

than   either   of   the    forms 

described   above,   and    are 

frequently  difficult  to  wind, 

on  account  of  the  trouble 

experienced     in     handling 

the  heavy  conductors. 

The  employment  of 
wound  rotors  and  non-in-' 
ductive  starting  resistances 
is,  as  already  indicated, 
always  preferable  for  motors 
of  any  size.  Here  the  rotors 
are  invariably  wound  with 
a  three-phase  star  -  con- 
nected  drum-winding, 
which  may  be  carried  out 
either  with  overlapping 
(rectangular)  coils,  or  with 
two  or  four  bars  per  hole 
or  slot,  arranged  as  a 
cylinder  wave-winding. 

The  common  junction 
to  the  three  phases  of  such 
a  winding  is  frequently  the 
iron-work  of  the  rotor  ;  this 
is  very  convenient  with 
motors  of  considerable  size, 
where  the  conductors  are 
usually  massive.  Star-con- 
nected bar-windings  of  this 
character  are  always  un- 
symmetrical,  and  *'  false 
connections "  have  to  be 
made  in  each  phase. 

A  point  to  be  remem- 
bered when  designing 
wound  rotors  for  high- 
tension  motors  is   the  fact 


Jcoils, 
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that  the  rotor  volts  per  phase  (that  is,  the  voltage  between 
any  two  slip-rings  at  normal  stator  pressure  when  the 
brushes  are  lifted  off  and  the  motor  is  at  rest)  must  be  kept 
down  to  a  safe  value  :  this  is  because  at  starting,  with  all 
resistances  in,  the  voltage  across  each  resistance  (and  the 
corresponding  two  rings)  may  be  sufficiently  large  to  be  a 
source  of  danger  to  the  attendant,  if  the  turns  in  the  winding 
have  not  been  kept  down ;  moreover,  there  is  some  risk  of 
arcing  taking  place.  On  the  other  hand,  in  no  case  must 
the  number  of  rotor  conductors  in  series  be  too  few, 
especially  if  the  motor  is  of  large  size,  else  the  cost  of  the 
starting  box  becomes  excessive,  and,  if  this  latter  is  mounted 
on  a  switchboard,  the  three  heavy  cables  coming  to  the 
latter  may  become  inconvenient  to  arrange  for  ;  moreover, 
the  contacts  on  the  box  may  give  trouble.  It  may  some- 
times happen  that  it  is  desirable  to  regulate  the  speed  of 
a  polyphase  motor  (by  means  of  the  rotor  resistance)  at  a 
point  situated  a  considerable  distance  away  from  the  motor ; 
in  such  a  case,  and  if  the  motor  is  for  a  low  voltage,  it  may 
pay  to  arrange  the  rotor-windings  to  transform  up,  as  it 
were,  in  order  to  effect  a  saving  on  the  cost  of  the  three 
cables,  coming  from  the  rings  to  the  starting  box,  but 
this  must  not  be  pushed  too  far. 

Although  it  is  the  standard  practice  with  one  or  two 
firms  to  build  the  starting  resistance  within  the  rotor  itself, 
instead  of  employing  a  separate  starting  box  and  slip-rings, 
it  would  seem  that  the  latter  practice  is  the  better.  The 
advantage  of  doing  away  with  the  external  arrangement 
consists,  of  course,  in  getting  rid  of  the  sliding  contacts  ;  on 
the  other  hand,  it  is  easy  for  the  short-circuiting  device 
(whether  operated  by  hand  through  the  hollow  shaft  or  auto- 
matically) to  get  out  of  order,  inspection  of  the  contacts  is 
difficult,  and,  above  all,  the  motor  is  brought  up  to  speed 
abruptly,  because  a  subdivided  resistance  is  practically  out 
of  the  question.  Consequently,  the  effect  on  the  pressure 
regulation  of  starting  a  motor  so  fitted  under  heavy  load  is 
bound  to  be  greater  than  if  the  motor  had  been  fitted  with 
an  external  graduated  resistance,  permitting  of  easy  and 
gradual  starting.  However,  several  firms  are  now  engaged 
in  studying  this  detail,  and  considerable  improvements  may 
be  expected  shortly  in  the  electrical  and  mechanical  design 
of  internal  starting  gear. 
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(C)  Notes  on  Performance  and  Design, — An  analysis  of 
the  guaranteed  performance  of  a  given  type  of  open  or  semi- 
enclosed  induction  motors  between  2  and  100  B.H.P.  built 
by  any  of  the  best  Continental  or  American  makers,  and 
whose  construction  is  on  the  lines  indicated  above,  may  be 
set  forth  as  follows  : — 

1.  No-load  Current.  Expressed  as  a  percentage  of  the 
full-load  current,  the  values  for  this  will  be  as  under  : — 

Poly-      .    Single- 
phascrs.        phasers. 

For  motors  between  2-5  B.H. P.  inclusive  30%     ...     40% 

Do.  7^20  do.  25%     ...     30% 

Do.  25-100  do.  20%     ...     25% 

2.  Overload  Capacity.  This  is  sensibly  the  same  for  all 
sizes  with  a  given  line  of  motors  run  at  constant  stator 
pressure,  and  will  be  as  follows : — 

Polyphasers.  Singlephascrs. 

For  one  hour » 50%     )  Varies  considerably. 

Before  falling  out  of  step    90%     j  but  generally  small. 

3.  Full-load  Drop  of  Speed  (Slip).  At  constant  pressure 
on  the  stator  terminals  this  will  be  : — 

For  induction  motors  between  2-5  B.H.P.  inclusive  7% 
Do.  7.J-15  do.  5% 

Do.  20-40  do.  4% 

Do.  50-100  do.  3% 

4.  Heating.  The  final  temperature-rise  after  a  long 
continuous  run  at  full  load  will  not  exceed  40°  C:  for  semi- 
enclosed  motors  having  outputs  between  2  and  25  B.H.P., 
and  yp  C.  for  larger  sizes. 

5.  Full-load  Efficiency.  For  semi-enclosed  motors  with 
hot  windings  the  values  for  five  representative  sizes  will  be 
as  follows : — 

2  5  10        25      50  B.H.P. 

Polyphase  motors    ...  75%     79%     85%     87%     90% 
Singlephase  motors ...  73%     77%     83%     86%     89% 

«  The  temperature  rise  not  exceeding  70°  C.  for  semi  enclosed  motors,  and 
less  for  open-type  motors 
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6.  Full-load  Power-factor.  The  values  for  this  quantity 
for  five  such  representative  motors  will  be  : — 

2  5  lo        25      50B.H.P. 

Polyphase  motors    ...78%     80%     85%     87%     88% 
Singlephase  motors...  72%     75%     80%     83%     85% 

7.  Weight  per  B.H.P.  The  nett  weight  per  B.H.P.  (that 
is,  not  including  the  weight  of  the  rails,  pulley,  and  starting 
resistance,  if  any)  of  the  five  representative  motors  designed 
and  constructed  on  the  above  lines  will  not  come  out  much 
below  the  following  values  : — 


2 

5 

10 

25 

so  B.H.P. 

Polyphase  motors    .. 

.     80 

58 

56 

40 

40  lbs. 

Singlephase  motors .. 

•  "5 

88 

66 

62 

62    „ 

Note. — The  values  given  in  Nos.  i  to  7  above  are  for  50 
cycle  motors  at  voltages  of  no,  220, 440,  or  500  volts,  having 
the  following  number  of  stator  poles  per  phase  : — 

All  motors  between    2-7^  B.H.P.  inclusive,  four  poles. 
Do.  10-30  do.  six         „ 

Do.  40-100  do.  eight     „ 

The  various  values,  however,  for  40  and  60  cycle  motors 
having  the  same  number  of  poles  are  practically  the  same  as 
those  given  above. 

A  standard  line  of  induction  motors  constructed  on  the 
lines  already  indicated,  and  to  which  the  above  figures 
relating  to  performance  apply,  would  have  the  following 
general  technical  data. 

1.  Peripheral  Speeds : — 4,000  to  7,000  feet  per  minute, 
according  to  the  size  of  the  motor. 

2.  Ampere-conductors  per  inch  of  stator  (inner)  periphery 
at  full  load. 


B.H.P. 

Ampere-conductors  per  inch 

2  to  7-5           ... 

250 

10  to  30 

330 

40  to  100 

430 

100  to  150 

570 

Above  200 

600 
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3.  Flux  Densities  per  square  inch.    In  the  stator  teeth  : — 

B.H.P.  Maximum  value  of  B. 

2  to  7*5.  65,000 

10  to  30  ...  ...  ...       70,000 

40  to  100  80,000 

Above  100  85,000 

In  the  rotor  teeth  : — 

B.H.P.  Maximum  value  of  B. 

2  to  7*5  80,000 

10  to  30  ...  *       85,000 

40  to  100  90,000 

Above  100  100,000 

In  the  air-gap  the  flux-density  should  never  exceed 
30,000  lines  per  square  inch.  The  flux-density  in  the  stator 
core  is  determined  solely  by  the  permissible  loss,  and  does 
not  otherwise  affect  the  performance  of  the  motor. 

The  above  figures  give  very  good  results  for  50  r\J  motors 
having  partly  closed  slots  for  both  rotor  and  stator.  With 
motors  for  higher  frequency,  and  for  hole-wound  stators  and 
rotors,  smaller  values  must  be  taken. 

4.  Current  Densities  per  square  inch.  With  low  and 
medium  pressure  semi-enclosed  motors,  the  amperes  per 
square  inch  in  the  stator  windings  at  full  load  will  be 
between  1,500  and  1,100,  according  to  size,  while  in  the 
rotor  bars  the  current  density  will  be  about  15  per  cent, 
higher.  With  high-pressure  motors,  somewhat  smaller  values 
must  be  taken  in  the  stator  on  account  of  the  relatively 
larger  space  taken  up  by  insulation. 

5.  Length  of  Air-gap.  This  is  always  to  be  made  as 
small  as  possible,  and  is  determined  wholly  by  mechanical 
considerations.  Usual  values  for  the  length  of  air-gap,  that 
is,  the  distance  from  iron  to  iron,  are  : — 


Rotor  Diameter. 

Air-gap  Length. 

Up  to  4  inches  inclusive 

... 

i/ioo 

inch 

Between  5  and  8  inches  inclusive 

1/75 

„         9  and  12 

„ 

1/50 

„       15  and  20 

„ 

1/32 

„       24  and  32 

„ 

1/16 

„       40  and  60 

„          ... 

1/8 
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Although  the  above  figures  relating  to  the  design  of 
induction  motors  have  been  taken  wholly  from  practice, 
it  is  perhaps  necessary  to  point  out  that  it  is  not  possible 
to  apply  hard  and  fast  rules  and  constants  when  designing 
such  motors — experience  in  designing  and  a  large  quantity 
of  experimental  data  for  the  type  in  question  are  absolutely 
necessary  if  the  best  results  are  to  be  obtained. 


PART  11. 

Starting  Devices  for  Single-Phase  Induction  Motors 
AND  SOME  Notes  on  Recent  Developments. 

It  is  not  too  much  to  say  that  more  attention  has  been 
given  to  the  question  of  starting  devices  for  single-phase 
induction  motors  than  to  any  other  problem  connected 
with  single-phase  working.  The  first  difficulty  w-as  to  get 
such  motors  to  start  at  all ;  then  after  this  was  overcome, 
there  came  the  question  of  reducing  the  heavy  starting 
current ;  finally  it  was  sought  to  so  improve  the  starting 
device  as  to  permit  of  the  motor  starting  against  load,  still 
with  a  moderate  current  consumption.  In  the  six  years 
during  which  the  subject  has  been  before  electrical  engineers, 
successive  improvements  have  taken  place,  and  it  is  to  the 
latest  development  in  single-phase  motors  that  the  author 
wishes  more  particularly  to  refer  in  this  part  of  his  paper, 
namely,  the  new  motor  of  Mr.  Alex.  Heyland.  Before 
doing  so,  however,  it  may  perhaps  not  be  out  of  place  to 
consider  very  briefly  the  underlying  principles  of  all  single- 
phase  induction  motors,  although,  of  course,  there  is  nothing 
new  to  be  said  on  the  subject  in  these  days. 

It  has  already  been  stated  that  a  single-phase  induction 
motor  is  nothing  more  than  a  polyphase  motor  running  on 
one  phase.  Let,  for  instance,  a  two-pole  two-phase  motor 
be  running  from  two-phase  mains  without  load.  Neglecting 
(as  may  quite  well  be  done)  the  trifling  power  current 
required  to  make  up  the  motor  losses  (under  these  circum- 
stances practically  only  iron,  ventilation,  and  friction),  the 
current  read  on  an  amperemeter  in  each  phase  is  the 
**  magnetising  current  "  of  that  phase  of  the  motor — that  is, 
it  is  the  wattless  current  required  for  driving  the  magnetic 
fliVs  through  the  magnetic  circuits  of  the  motor  ;  further, 
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the  speed  is  synchronous.  Now  let  one  phase  be  switched 
put.  The  motor  will  go  on  running  as  a  single-phaser  at 
practically  the  same  speed,  but  the  amperemeter  in  the  re- 
maining phase  will  read  approximately  twice  the  current  that 
it  did  before — that  is,  the  magnetising  current  in  this  phase 
has  doubled.  What  has  happened  is  briefly  as  follows: — 
The  magnetic  flux  originally  provided  by  the  switched-out 
phase  is  now  replaced  by  a  flux  of  approximately  the  same 
value  and  relative  position  furnished  by  a  magnetising 
current  in  the  rotor.  Magnetising  currents  are  called  into 
being  in  the  rotor,  induced  by  the  magnetic,  flux  of  the 
phase  still  connected  to  the  mains,  and  in  quadrature  with 
this  flux  with  regard  to  time,  and  these  currents  are  carried 
round  nearly  90^  in  space  by  the  practically  synchronous 
rotation  before  reaching  their  maximum.  Thus  the  cross- 
flux  produced  by  them  has  very  nearly  the  same  effect  as 
that  formerly  produced  by  the  switched-out  phase.  The 
magnetising  current  in  the  rotor  has,  of  course,  to  be 
balanced  by  a  corresponding  stator  current,  so  that  the 
amperemeter  reads  the  magnetising  amperes  of  phase  i,  plus 
the  magnetising  amperes  of  the  rotor  transferred  to  the 
winding  of  phase  i.  Hence  the  magnetising  current  in  the 
latter  approximately  doubles. 

With  this  perfect  motor  running  at  synchronous  speed, 
it  would  be  found  that  a  voltmeter  connected  to  the  terminals 
of  the  switched-out  phase  would  give  a  reading  equal  to  the 
pressure  on  the  mains  from  which  phase  i  is  running. 
This  E.M.F.  is  that  induced  by  the  cross-magnetisation  of 
the  rotor  magnetising  currents,  and  is  in  quadrature  with 
the  impressed  E.M.F.  of  phase  i,  as  already  stated.  In 
commercial  motors  the  E.M.F.  of  phase  2,  measured  in  this 
way,  is  not  quite  equal  to  that  of  phase  i.  The  magnitude 
of  the  difTerence  between  the  two  voltages  is  a  measure  of 
the  quality  of  the  design  of  the  motor. 

It  has  been  said  above  that  the  motor  continued  to  run 
as  a  single-phaser  at  practically  the  same  speed.  In  reality 
the  speed  is  a  trifle  less  (the  difference  being  too  small  to 
detect  on  a  counter),  owing  to  the  fact  that  the  rotor 
currents  cause  a  slight  slip,  so  that  even  a  single-phase 
motor  without  friction  and  ventilation  losses  (unlike  the 
polyphase  motor)  cannot  run  at  a  synchronous  speed  at  no 
load. 
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Of  course,  as  the  rotor  is  loaded,  the  rotor  power  currents 
called  into  being  by  the  load  are  magnetically  balanced  by- 
corresponding  stator  currents  (when  the  rotor  and  stator 
coils  are  co-axial,  or  approximately  so)  and  the  slip  increases, 
that  is,  the  speed  departs  more  and  more  from  synchronism. 
Owing  to  this  latter  circumstance  the  induced  rotor  magnet- 
ising currents  are  carried  round  in  space  less  than  90®  ;  the 
cross-magnetisation  produced  by  them  is  accordingly  shifted 
from  the  most  effective  position,  until  with  continually 
increasing  load  there  comes  a  point  at  which  the  torque  due 
to  the  cross  field  and  the  rotor  load  currents  attains  a 
maximum  value — if  this  value  is  exceeded  the  motor  pulls 
up.  When  the  rotor  is  stationary,  the  cross-magnetisation 
is  reduced  to  zero  ;  there  remains  now  only  the  one  flux  of 
the  phase  connected  to  the  mains  (phase  i),  and  this  flux 
cannot  possibly  produce  a  torque — that  is,  the  motor  cannot 
start — because  its  axis  (that  is,  the  axis  of  the  exciting  coils 
of  phase  i)  coincides  with  the  axis  of  the  current  carrying 
coils  of  the  rotor. 

In  order,  therefore,  to  enable  a  single-phase  induction 
motor  to  start  at  all,  an  auxiliary  starting  field  must  be 
created  that  will  do  exactly  the  same  thing  as  the  rotor 
magnetising  currents  do  at  synchronous  speed.  That  is, 
with  regard  to  space,  a  magnetic  flux  must  be  established  in 
quadrature  with  the  principal  flux  inducing  the  rotor  currents ; 
and  with  regard  to  time,  this  auxiliary  flux  must  coincide 
with  the  rotor  load  current — that  is  to  say,  it  must  be  approxi- 
mately 180°  behind  the  corresponding  stator  current.  Every 
single-phase  induction  motor  must  therefore  be  provided 
with  a  device  to  produce  a  suitable  cross-flux  in  the  air-gap, 
and  the  amount  of  starting  torque  available  will  depend 
purely  upon  the  value  of  this  cross-flux,  and  upon  the 
effectiveness  of  its  time  relations  as  stated  above. 

All  single-phase  induction  motors  are  provided  with 
starting  coils  wound  in  the  useless  winding  space  of  the 
stator.  They  rarely  occupy  more  than  one-third  of  the  total 
stator  winding  space,  and  frequently  less  ;  moreover,  these 
coils  are  invariably  so  arranged  that  the  magnetic  axis  of 
each -coil  is  in  quadrature'  to   the  magnetic  axis   of   the 

'  A  notable  exception  to  this  disposition  is  the  arrangement  that  has 
been  used  for  many  years  by  the  Swedish  firm  of  Wenstmm  for  their  small 
single-phase  motors,  which  have  the  starting  coils  "staggered"  from  the 
position  indicated  here. 
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corresponding  running  coil — a  disposition  exactly  fulfilling 
the  "space"  requirement  stated  above.  The  difference 
existing  between  the  various  starting  devices  lies  mainly  in 
the  various  methods  of  producing  the  requisite  phase  relation 
of  the  cross-magnetisation. 

With  the  exception  of  the  Heyland  motor,  all  the  devices 
employed  for  producing  this  requisite  phase  difference  are 
external  to  the  motor,  and  they  have  all  been  devised  at  one 
time  or  another  by  Mr.  C.  E.  L.  Brown,  and  have  gradually 
been  adopted  by  all  other  single-phase  motor  builders. 
These  external  starting  devices  take  the  special  form  of 
arranging  that  the  self-induction  of  the  circuit  including 
the  starting  coils  has  a  much  higher  value  than  that  of  the 
circuit  containing  the  running  coils,  this  being  attained  by 
suitable  winding  proportions  in  conjunction  with  choking 
coils  or  non-inductive  resistances,  or  condensers ;  or  any 
two  of  these  in  one  or  other  of  the  stator  circuits.  The 
choice  of  such  apparatus  is  governed  by  the  relative  value 
of  the  turns  in  the  starting  and  running  coils,  and  by  the 
particular  connections  used  at  starting. 

The  starting  torque  given  by  motors  arranged  in  this  way 
is  inconsiderable,  barely  sufficient  in  fact  to  run  the  motor 
up  to  speed  against  the  load  of  belt  and  loose  pulley. 
Moreover,  unless  the  motor  is  very  carefully  designed — 
particularly  from  the  magnetic  leakage  point  of  view — the 
starting  current  at  this  small  torque  will  be  excessive.  With 
the  above-named  exception,  the  very  best  single-phase 
induction  motors  of  the  present  day  working  under  the  most 
favourable  conditions  require  a  current  at  starting  at  least 
equal  to  the  full-load  current  in  order  to  run  them  up  to 
speed  without  the  load,  while  against  the  full  load  they  will 
not  start  at  all,  whatever  the  value  of  the  starting  current. 

The  principal  reasons  for  these  comparatively  indifferent 
results  are,  that  the  phase  difference  at  starting  produced  by 
the  above-mentioned  means  is  small,  and  that  the  cross-flux 
produced  by  the  starting  coils  does  not  attain  a  high  value. 
As  with  independent  alternating-current  circuits  a  large 
phase  difference  will  be  produced  by  increasing  the  self- 
induction  of  the  circuit,  it  might  be  thought  that  this  could 
also  be  obtained  in  a  motor  by  arranging  the  starting  device 
and  starting  coils  on  these  lines.  But  it  must  be  remembered 
that  the  stator  circuits  of  an  induction  motor  are  not  really 
VOL.  xxix.  (?5 
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independent,  on  account  of  the  action  of  the  rotor  currents. 
These  behave  with  regard  to  the  stator  currents  just  as  the 
loaded  secondary  of  a  transformer  behaves  with  regard  to 
the  primary — that  is  to  say,  the  self-induction  of  the  stator 
windings  is  more  or  less  completely  wiped  out  by  the  mutual 
induction  of  rotor  and  stator.  It  follows  from  this  that  better 
results  will  be  obtained  if  the  number  of  turns  of  the  starting 
coils  is  kept  low,  and  the  increase  of  self-induction  produced 
by  an  external  choking  coil,  or  equivalent  device  involving 
magnetic  leakage.  This  point  was  recognised  at  an  early 
stage  by  motor  builders,  and  an  external  choking  coil  (to 
produce  as  much  phase  difference  as  possible)  is  a  leading 
feature  of  several  modern  starting  devices. 

But  this  increase  of  self-induction,  whether  produced 
externally  in  this  way,  or  by  winding  the  starting  coils  with 
a  large  number  of  turns,  effectually  prevents  the  starting 
field  of  the  motor  (that  is,  the  field  in  quadrature  position  to 
that  of  the  stator  running  coils)  from  attaining  that  high  value 
already  shown  to  be  absolutely  necessary  if  a  large  starting 
torque  is  required.  Where  the  self-induction  is  increased 
by  increasing  the  turns  of  the  starting  coils,  the  strength  of 
the  cross-flux  falls  off  inversely  as  the  square  root  of  the 
self-induction ;  if  the  choking  coil  is  used,  the  strength  of 
the  cross-flux  is  diminished  by  an  amount  equivalent  to  the 
leakage  flux  of  the  coil.  Consequently,  it  is  evidently  a 
clear  fundamental  point,  that  to  obtain  a  large  starting 
torque  the  self-induction  of  the  starting  coils  should  be  kept 
down  as  much  as  possible. 

It  has  been  hitherto  generally  held  that  the  design  of 
starting  devices  for  single-phase  induction  motors  should  be 
such  that  the  starting  conditions  should  approximate  as 
nearly  as  possible  to  the  starting  conditions  of  polyphase 
motors — that  is,  designers  have  aimed  at  the  production  of 
a  rotary  field  at  starting.  Not  only  this,  but  every  effort  has 
been  made  to  make  this  field  as  uniform  as  possible,  by  so 
proportioning  the  windings  of  starting  and  running  coils  as 
to  produce  two  equal  magnetic  fluxes,  and  the  production 
of  a  larger  field  by  one  or  the  other  winding  has  been 
particularly  avoided. 

Mr.  Heyland's  motor,  which  is  shown  here  to-night,  and 
described  below,  is  designed  with  regard  to  the  starting 
device  on  exactly  opposite  lines  to  these.     Briefly,  there  is 


Digitized  by  LjOOQ  IC 


1900.] 


INDUCTION  MOTORS. 


821 


no  external  phase-shifting  device,  the  starting  winding  being 
put  straight  on  the  mains,  and  this  winding  has  com- 
paratively few  turns,  and  is  so  arranged  that  under  all 
circumstances  its  self-induction  is  less  than  that  of  the 
running  coils — that  is,  the  winding  carrying  the  current  of 
greater  phase  difference  is  made  to  have  the  smaller  self- 
induction.  As  a  result  of  the  small  self-induction  of  the 
starting   coils,  a  cross-magnetic  flux  of  great  strength   is 


Fig.  7. 


available,  and  this  cross-flux  is  made  to  have  the  proper 
time  relation  by  a  special  arrangement  of  the  magnetic 
circuit  of  the  stator.  The  production  of  a  rotary  field  at 
starting  is  not  aimed  at,  the  whole  idea  of  the  starting 
device  being  to  produce  a  powerful  alternating  magnetisation 
having  the  proper  phase  relation,  in  a  direction  (considering 
the  two-pole  case)  at  right  angles  to  the  axis  of  the  running 
coils.  The  result  is,  that  the  Heyland  single-phase  motors 
will  all  start  against  full  load,  quite  easily,  without  an 
excessive  current  consumption,  and  it  will  be  therefore 
readily  admitted  that  an  important  advance  has  been  made 
in  single-phase  motor  work. 
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Apart  from  the  design  and  arrangement  of  the  starting 
device,  the  Heyland  motors  differ  but  little  from  other 
well-designed  motors  of  the  induction  type.  The  stator 
running  winding  consists  of  a  number  of  rectangular  coils 
wound  in  half-closed  slots  in  such  a  manner  that  magnetic 


Fig.  8. 


leakage  is  as  small  as  possible,  'while  the  rotor  is  wound 
with  a  regular  three-phase  star-connected  winding,  with 
its  three  free  ends  connected  to  slip-rings  on  the  shaft, 
for  the  insertion  of  a  starting  resistance.  A  squirrel-cage 
rotor,  or  one  of  its  modifications,  could  be  easily  used,  but 
it  has  been  found  that  the  reduction  of  the  starting  current 
(for  a  given  torque)  brought  about  by  the  use  of  the 
resistance  well  repays  its  use,  even  for  motors  as  small  as 
one  horse-power. 
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Fig.  7  illustrates  diagrammatically  the  stator  windings  of 
the  Heyland  single-phase  motors,  the  figure  illustrating  a 

I 


four-pole  motor.  The  running  coils  are  shown  by  the  full 
lines,  and  the  starting  coils  by  the  dotted  lines.  These  latter 
coils  are  wound  in  rectangular  holes  in  order  to  obtain  the 
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necessary  large  phase  difference  of  the  current  in  them ;  the 
flux  produced  by  these  coils  links  very  unfavourably  with 
the  rotor  windings,  which  has  the  effect  of  reducing  the 
mutual  induction  of  the  circuits  in  question,  with  the  result 
that  the  current  in  the  starting  winding  lags  considerably, 
sometimes  as  much  as  50°.  The  relation  of  the  stator  starting 
coils  to  the  coils  of  the  rotor,  is  in  (act  entirely  analogous 
to  the  relations  existing  between  the  primary  and  secondary 
coils  of  a  transformer  having  great  magnetic  leakage. 

As  stated  above,  the  turns  of  the  starting  coils  are  com- 
paratively few  in  number,  and  have  a  low  resistance ;  the 
amount  of  phase  difference  of  the  flux  produced  by  the 
current  in  them  is  determined  by  the  shape  given  to  the 
holes,  the  dimensions  of  these,  and  by  the  winding  depth. 

Figs.  8  and  9  show  clearly  the  arrangement  of  the  stator 
running  and  starting  coils  as  actually  carried  out  for  a  four- 
pole  motor,  while  the  form  of  the  rotor  winding  can  be  seen 
from  the  latter  figure  also. 

The  motor  is  started  as  follows  : — All  the  rotor  resistance 
being  in  circuit,  the  stator  windings  (both  running  and 
starting)  are  switched  directly  on  the  mains  ;  the  motor  will 
immediately  start  up  with  great  torque,  and  the  rotor 
resistance  and  starting  coils  are  to  be  cut  out  as  it  does  so. 
The  exact  moment  at  which  the  latter  are  cut  out  affects 
only  the  starting  current :  if  the  motor  is  starting  light,  the 
single-pole  switch  can  be  opened  when  the  arms  of  the 
rotor  resistance  are  on  the  second  contact ;  if  it  is  starting 
against  full  load,  the  starting  coils  require  to  be  left  some- 
what longer  in  circuit — that  is,  they  are  to  be  cut  out,  for 
instance,  on  the  fourth  or  fifth  contact  of  the  starting 
resistance. 

The  earlier  Heyland  motors  were  all  furnished  for  use 
with  a  single-pole  switch  in  the  starting  circuit.  This  has 
now  been  done  away  with,  however,  by  combining  it  with 
the  starting  resistance  box  (see  Fig.  10),  so  that  the  opera- 
tion of  starting  up  is  as  simple  as  that  with  a  shunt  wound 
direct-current  motor. 

Performance. — The*  Heyland  motors  standardised  for 
circuits  of  40,  50,  and  60  cycles  are  designed  in  three  ways, 
as  follows  : — 

(a)  To  start  without  load.     Under  these  circumstances 
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the  starting  current  does  not  exceed  four-fifths  of  the  full- 
load  running  current. 

(6)  To  start  with  two-thirds  of  the  full-load  torque. 
Under  these  circumstances  the  starting  current  does  not 
exceed  i J  times  the  full-load  running  current. 
•  (c)  To  start  with  full-load  torque.  Under  these  circum- 
stances the  starting  current  does  not  exceed  twice  the  full- 
load  running  current. 
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Design  (a)  has  been  evolved  in  order  to  conform  to  the 
ideas  of  many  station  engineers  in  this  country.  Design  (c) 
represents  the  normal  winding ;  while  design  (6)  is  frequently 
asked  for.  The  starting  torque  with  the  standard  stampings 
is  determined  purely  by  the  number  of  turns  of  the  starting 
coils  and  the  permissible  current ;  this  torque  can  be 
arranged  to  have  a  value  equal  to  two  or  three  times  the 
full-load  running  torque,  if  enough  current  is  given  to  the 
starting  coils,  the  limiting  value  occurring  at  the  saturation 
point  of  the  iron. 

Figs.  II  and  12  illustrate  the  starting  performance  of  two 
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motors  designed  to  fulfil  conditions  (6)  and  (c)  respectively, 
while  Fig.  13  illustrates  the  running  performance  of  the 
motor  whose  starting  curve  is  given  by  Fig.  11.  All  these 
curves  represent  the  results  of  actual  brake  tests,  and  many 
motors  built  have  given  better  results  than  indicated  here. 

Particular  attention  is  given  in  all  the  designs  to   the 
overload    capacity    of    the    motor,    and    all    motors    are 
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guaranteed  to  stand  a  25  per  cent,  overload  for  one  hour. 
The  small  overload  capacity  (varying  from  o  to  10  per  cent.) 
found  with  the  alternating-current  motors  hitherto  used  ^ 
has  been  one  of  their  worst  features,  as  for  most  work  it  is 
impossible  to  fix  the  amount  of  power  required  so  exactly 

'  The  author  would  here  like  to  make  an  exception  in  favour  of  the 
Wenstrom  motor,  whose  overload  capacity  (as  found  with  examples  tested 
by  him)  is  everything  that  can  be  desired. 
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as  this,  with  the  result  that  the  motors  installed  are  in- 
variably too  large  and  costly  for  the  work  they  have  to  do. 
This  reacts  on  consumer  and  supply  company  alike :  the 
former  has  to  pay  for  a  larger  motor  than  he  wants,  which 
will  be  working  on  the  average  at  low  efficiency,  while  the 
latter  most  of  the  time  is  supplying  an  underloaded  motor, 
having  a  low  power-factor. 

The  results  obtained  with  the  Heyland  motors  for 
circuits  of  80  and  100  cycles  are  not  quite  so  good  as 
those  given  above,  with  regard  to  starting  torque.  That 
is  to  say,  these  high-frequency  motors  as  built  up  to  the 
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present  take  a  relatively  greater  current  for  a  given  value 
of  starting  torque,  the  values  being — (a)  when  starting 
without  load,  current  is  equal  to  the  full-load  current ; 
(6)  starting  with  half  the  full-load  torque,  the  current  is 
I J  times  the  full-load  current;  (c)  starting  with  full-load 
torque,  the  current  consumption  is  2J  to  3  times  the  full- 
load  current.  The  increased  values  of  current  consump- 
tion are  of  course  due  to  the  larger  number  of  poles 
necessary  to  bring  the  speed  to  a  reasonable  figure ;  parti- 
cularly in  small  motors  the  number  of  poles  has  a  very 
great  efiFect  on  the  amount  of  magnetic  leakage  with  a 
given  design. 

As,  however,  the  Heyland  motors  are  not  yet  fully 
standardised  for  80  and  100  cycles,  the  designers  hope  to 
effect    considerable    improvements   within    the    next    few 
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months  in  the  direction  of  reducing  the  current  for  a 
given  vahie  of  starting  torque. 

Before  leaving  the  subject  of  these  motors,  the  author 
would  like  to  draw  attention  to  an  exceedingly  neat  method 
Mr.  Heyland  has  devised  for  regulating  the  speed  of  induc- 
tion motors,  single  and  polyphase. 

As  is  well  known,  there  are  two  principal  ways  of 
altering  the  speed  of  such  motors,  the  supply  frequency 
being  constant.^  The  first  is  by  rheostatic  control,  a  non- 
inductive  regulating  resistance  being  in  circuit  with  th* 
rotor  windings,  while  the  stator  windings  are  connected 
directly  to  the  mains ;  the  second  is  by  altering  the  number 


Fig.  14. 

of  stator  poles  by  means  of  a  suitable  controller,  together 
with  those  of  the  rotor,  unless  the  latter  is  of  the  "  squirrel- 
cage"  type.  Here  the  motor  is  wound  for  the  maximum 
number  of  poles,  and  when  it  becomes  necessary  to  pass 
from  a  greater  to  a  less  pole  number,  in  order  to  get 
increased  speed,  the  windings  on  some  of  the  poles  are 
reversed,  thus  producing  fewer  poles,  which  are  in  con- 
sequence much  broader.  For  instance,  in  order  to  double 
the  speed,  half  the  poles  have  their  windings  reversed,  the 
stator  having  now  half  the  number  of  poles,  each  of  double 
the  former  breadth.    While  rheostatic  control  is  simple  and 

«  The  method  of  "tandem  parallel  control"  for  two  motors  while  ex- 
cellent theoretically,  is  hardly  likely  to  come  into  commercial  use  at  present, 
on  account  of  the  great  complication  involved,  and  because  of  the  bad 
conditions  under  which  the  motors  have  to  work. 
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easy  to  use,  it  has  the  great  objection  of  being  very  un- 
economical. The  waste  of  energy  brought  about  by  its 
use  is  entirely  analogous  to  that  found  with  shunt  wound 
direct- current  motors,  with  constant  field  excitation  and 
a  regulating  resistance .  in  the  armature.  The  case  of  the 
induction  motor  is  really  more  unfavourable,  because  it 
has  been  found  by  experience  that  the  motor  has  to  be 
rated  very  liberally,  in  order  to  get  the  necessary  power. 

On  the  other  hand,  the  method  of  altering  the  number 
of  motor  poles  has  two  serious  disadvantages.  Firstly,  the 
reduction  of  the  number  of  poles  causes  an  unfavouraMe 
distribution  of  the  magnetic  flux,  a  large  increase  of 
magnetic  leakage  and  a  loss  of  winding  space.  This  is 
of  course  owing  to  the  fact  that  after  the  reversal  of  the 
appropriate  coils  the  currents  flowing  down  one  side  of 
these  coils  are  neutralised  by  the  currents  in  the  adjacent 
side  of  the  unreversed  coils,  as  will  be  readily  seen  from 
Fig.  14  illustrating  the  single -phase  case. 

Secondly,  unless  the  motor  has  a  squirrel -cage  rotor, 
the  rotor  circuits  become  very  complicated ;  the  polarity 
of  the  rotor  windings  has  to  be  changed  each  time  in 
accordance  with  the  stator  polarity,  which  means  that  a 
large  number  of  slip -rings  have  to  be  used,  in  order  that 
this  may  be  done. 

Mr.  Heyland's  method  consists  of  certain  winding 
arrangements  which,  when  it  is  desired  to  change  the 
number  of  poles,  render  any  reversal  of  the  rotor  windings 
superfluous,  and  to  a  large  extent  obviate  the  drawbacks 
stated  arbove  in  the  reversal  of  the  stator  coils. 

The  method  of  winding  the  stator  as  applied  to  single- 
phase  motors  is  illustrated  in  Figs.  15,  16,  17  arid  18,  the 
last  figure  showing  how  the  stator  coils  are  wound  in 
practice.  In  all  cases  the  winding  is  carried  out  for  the 
smaller  number  of  poles,  and  divided  into  sections,  one 
or  more  of  these  sections  being  reversed  to  obtain  a  greater 
number  of  poles.  Thus,  for  instance,  in  Fig.  15  the  stator 
being  wound  initially  for  two  poles,  by  reversing  one  of  the 
sections  of  the  winding  a  four -pole  stator  results,  as 
indicated,  and  it  will  be  seen  at  a  glance  that  there  is  no 
neutralising  action  between  adjacent  conductors,  and  that 
the  distribution  of  magnetic  flux  in  the  air-gap  will  be 
perfectly  good.  Fig.  16  shows  the  arrangement  for  a  four- 
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pole  to  eight-pole  stator,  and  Fig.  17  that  for  a  six-pole  to 
twelve-pole,  to  which  the  same  remarks  apply.  The  manner 
of  carrying  out  the  stator  winding  for  the  last  case  actually 
employed  is  illustrated  in  Fig.  18. 

For  polyphase  motors,  exactly  the  same  winding  arrange- 
ments are  used,  applied  of  course  to  each  phase.     For  these 


Fig.  18. 

motors,  if  more  than  one  change  of  speed  is  desired,  the 
controllers  get  somewhat  expensive,  and  it  is  therefore 
better  on  the  whole  in  such  cases  to  combine  the  method 
with  rheostatic  (rotor)  control,  the  rheostat  being  used  for 
the  intermediate  speeds  only. 

For  small  motors  having  squirrel-cage  rotors,  no  modi- 
fication of  the  rotor  winding  is  needed  ;  but  where  wound 
rotors  are  employed  the  general  method  of  rotor  winding 
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is  illustrated  in  Fig.  19,  which  illustrates  the  single -phase 
case  for  simplicity.  The  general  principle  is  to  so  arrange 
the  windings  of  each  phase,  that  they  are  formed  of  a 
number  of  sections  in  parallel ;  with  a  certain  number  of 
poles,  the  E.M.F.  of  one  section  will  neutralise  that  of 
another  section  in  parallel  to  it,  and  a  current  will  flow- 
through  the  sections  only  when  they  are  externally  short- 
circuited  ;  on  the  other  hand,  with  double  the  number  of 
poles,  the  external  short-circuit  is  superfluous.  Thus  con- 
sider Fig.  19,  representing  (diagrammatically)  the  winding 
for  one  phase  of  the  rotor  for  a  two-pole — ^four-pole  stator. 
Each  phase  has  two  sections,  permanently  short-circuited 
one  on  the  other.  At  starting,  the  stator  switch  is  put 
over  to  the  two-pole  position,  and  the  slip-rings  gradually 
closed  through  the  starting  resistance.  So  long  as  the  slip- 
rings  are  open,  no  currents  flow  in  the  rotor  windings, 
as  the  induced  E.M.F.  has  the  same  value  in  each  section, 
and  the  two  E.M.F.s  neutralise  one  another,  on  account 
of  the  two  stator  poles.  But  the  rotor  currents  circulate 
as  soon  as  the  rings  are  connected  through  the  resistance — 
this  latter  is  gradually  cut  out  in  the  usual  way  as  the 
motor  comes  up  to  speed.  In  changing  over  now  to  the 
four-pole  position  (if  the  lower  speed  is  required)  the  slip- 
rings  are  not  wanted,  as  the  two  sections  are  now  in  series, 
with  the  E.M.F.  in  the  same  direction,  and  so  the  rotor 
currents  can  circulate  independently  of  the  external  short- 
circuit. 

The  same  general  arrangement  is  used  for  motors  to 
run  at  more  than  two  speeds.  Here  the  rotor  windings 
(per  phase)  can  have  more  than  two  sections,  these  sections 
being  wound  partly  to  overlap  one  another,  while  still 
being  in  parallel,  so  that  the  various  E.M.F.s  partly 
neutralise  one  another,  and  partly  add  themselves  together. 
With  this  arrangement,  the  same  rotor  winding  can  be 
effectively  used  with  a  stator  having  several  different 
arrangements  of  the  poles — that  is,  for  a  motor  running 
at  several  distinct  speeds. 

For  induction  motors  having  rotors  with  star-connected 
three-phase  windings,  which  is  the  practical  case,  only  three 
slip-rings  are  required,  the  (second)  common  junction  being 
at  the  three  slip-rings,  as  usual. 

In  the  workshops  of  the  author's  firm,  where  many  of 
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the  tools  are  driven  by  three-phase  motors,  the  Heyland 
method  of  speed  regulation  is  employed  with  great  con- 
venience. Several  of  the  larger  tools  (such  as  planing 
machines  and  the  like)  are  driven  by  independent  three- 
phase  motors  wound  for  two  speeds,  the  alteration  of  speed 


Fig.  19. 

being  effected  by  throwing  over  the  reversing  switch.  It 
has  been  found  by  tests  on  these  motors  that  the  power- 
factor  is  diminished  very  little  by  the  increase  in  the  number 
of  poles,  attaining  a  high  value  at  both  speeds,  while  the 
efficiency  is  also  high  at  each,  there  being  but  slight  loss 
of  energy  involved  by  the  change-over.    At  the  same  time, 
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the  increase  of  first  cost  with  the  two-speed  motors  is  very 
small. 

Concluding  Remarks. 

Although  the  author  has  dwelt  at  some  length  upon  the 
subject  of  single-phase  motors,  it  has  been  more  on  account 
of  the  technical  interest  attached  to  it  than  because  of  any 
belief  in  the  present  or  future  possibilities  of  single-phase 
systems.  Regarding  the  Continent  and  the  States  it  is  not 
too  much  to  ^say  that  single-phase  supply  is  practically 
played  out,  and  that  engineers  responsible  for  putting  down 
new  stations  for  either  power  or  lighting  consider  single- 
phase  supply  systems  out  of  date  and  their  employment 
bad  practice.  Moreover,  indications  are  not  wanting  that 
the  present  tendency  in  this  country  is  to  follow  in  the 
same  direction.  It  is  certain  that  for  all  those  cases  where 
continuous-current  systems  are  out  of  the  question  every 
requirement  can  be  far  more  successfully  met  by  three- 
phase  systems  than  by  any  other.  It  is  true  that  certain 
engineers  in  this  country  hold  the  opinion  that  pressure 
regulation  troubles  are  bound  to  occur  with  three-phase 
working  (an  opinion  not  shared  by  the  author),  but,  even 
supposing  this  to  be  the  case,  the  complete  solution  is  to 
hand — convert  to  continuous  current  by  means  of  rotaries, 
or  better,  by  means  of  motor-generators. 

The  standardisation  of  the  above  two  systems,  together 
with  that  of  two  voltages  for  each  system — 220  and  440 
volts — and  one  frequency — 50  cycles — for  the  supply  net- 
works, is  greatly  to  be  desired,  particularly  from  the  point 
of  view  of  the  motor  manufacturer  and  the  motor  user. 
With  the  hope  that  this  ideal  may  be  eventually  realised, 
this  paper  can  be  concluded. 

Mr.  Field.  ^^'  ^*  B«  FiELD  :   Mr.  Eborall  commences  his"  paper  with  an 

apology  for  bringing  before  the  Institution  one  which  he  says  contains 
but  little  that  is  really  new  from  the  technical  point  of  view.  Now  I 
venture  to  think  that  this  apology  is  quite  unnecessary,  for  I  believe  I 
am  right  in  saying  that  many  of  the  ingenious  devices  which  Mr. 
Eborall  has  explained  to  us  to-night,  although  perhaps  not  new,  are 
new  to  many  of  us :  at  any  rate,  they  were  to  me.  The  paper  con- 
tains a  large  amount  of  information  which  is  extremely  useful,  as  well 
from  the  manufacturers'  as  the  users'  and  theorists'  points  of  view. 
The  method  of  building  up  the  stator  core  described  by  Mr.  Eborall, 
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whereby  all  tooling  is  rendered  unnecessary,  is  very  interesting.  But  ^^'  ^****^* 
it  is  to  be  pointed  out  that  one  has  to  depend  entirely  upon  the  friction 
between  the  individual  plates  to  avoid  displacement  of  the  same,  or 
rotation  of  the  stitor  core  as  a  whole.  Where  paper  insulation  between 
the  core  discs  is  employed,  some  15  per  cent,  of  the  total  space  will  be 
thus  occupied,  and  with  the  continual  heating  and  cooling  of  the  motor 
this  may  shrink,  and  thus  tend  to  relieve  the  friction  between  the  end 
plates;  consequently  for  large-sized  motors  this  construction  is  not 
suitable.  The  question  of  tooling  the  stator  cores  is  very  important, 
but  it  is  not  very  important  whether  the  rotor  core  be  tooled  or  not. 
The  slip  is  very  small,  and  hence  the  eddy  currents  produced  in  the 
rotor  surface  will  likewise  be  small ;  moreover  these  will  not  be 
detrimental,  but  will  add  to  the  torque  rather  than  decrease  it.  The 
figures  on  page  813  are  very  instructive,  but  I  would  suggest  that  the 
author  adds  in  his  paper  when  printed  in  the  Journal  the  corresponding 
figures  for  continuous-current  motors.  I  know  this  does  not  exactly 
fall  under  the  beading  of  the  paper,  but  a  comparison  would  be  so 
very  interesting  that  the  departure  would  be  quite  warranted.  The 
comparison  between  the  efficiencies  of  polyphase  and  single-phase 
motors  is  also  noteworthy.  We  must  remember  that  a  given  rotor 
developing  a  given  H.P.  has  twice  the  C"R  rotor  loss  if  in  a  single-phase 
field,  to  what  it  will  have  in  a  three-phase  field  of  the  same  strength  ; 
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Fig.  a. 


so  that  in  order  to  get  high  efficiency  in  the  single-phase  case  one  can 
only  do  so  at  the  expense  of  extra  material,  which  fact,  I  think,  is 
borne  out  by  the  table  of  weights  given  on  page  814.  From  this  it 
appears  that  the  weight  of  the  single-phase  motor  is  about  50  per  cent, 
higher  than  that  of  the  corresponding  polyphase  motor. 

I  should  like  to  make  a  few  remarks  with  regard  to  the  starting 
of  the  Hey  land  motor,  as  it  seems  to  me  that  this  is  a  radically  new 
departure.  I  have  always  been  under  the  impression  that  it  was  of 
no  advantage  to  make  the  starting  field  larger  than  the  working  field, 
the  aim  of  the  manufacturer  being  to  obtain  as  nearly  as  possible  a 
pure  rotating  field  at  starting.  This,  of  course,  is  not  the  case,  as  is 
easily  seen  by  the  following  diagram.  Let  a  be  the  strength  of  the 
alternating  flux  produced  by  the  working  phase  winding,  and  (a  -f  26) 
the  corresponding  flux  produced  by  the  starting  winding.  Suppose 
these  two  fluxes  are  in  quadrature  both  as  regards  space  and  time. 
If  we  combine  the  working  phase  flux  a  with  a  portion  of  the  starting 
flux  equal  to  it  in  magnitude,  we  get  of  course  a  rotating  flux  of  strength 
a,  and  superimposed  upon  that  an  alternating  flux  of  strength  26  in  the 
direction  OP.  Now,  this  latter  flux  we  may  consider  replaced  by  two 
rotating  fluxes,  each  of  strength  6,  rotating  in  opposite  directions  with 
the  same  velocity,  viz.  that  corresponding  to  the  frequency.  Further, 
these  two  fluxes  b  will  coincide  and  be  directed  along  OP  at  the  same 
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Mr.  Field.  instant  that  the  rotating  flux  a  lies  in  this  same  direction  ;  in  short,  the 
resultant  of  the  working  and  starting  winding  fluxes  wiU  be  a  forward 
rotating  flux  of  strength  a  -^  by  and  a  backward  rotating  flux  of  strength 
6.  When  the  motor  is  starting  the  speed  of  rotation  of  these  two 
fluxes  is  the  same,  and  since  each  pulls  on  the  rotor,  the  one  forwards" 
and  the  other  backwards,  with  a  force  proportional  to  the  square  of 
itself,  we  get  for  the  resultant  starting  torque  an  expression  proportional 
to  (a  +  by  —  6»  or  fl  (a  -f  26).  In  other  words,  the  starting  torque  is 
proportional  to  the  product  of  the  two  fluxes,  which  shows  us  at  once 
the  advantage  to  be  gained  by  making  the  starting  flux  large.  If  the 
two  fluxes  are  not  90**  out  of  phase  with  one  another,  but  differ  by  the 
angle  0,  then  the  starting  torque  is  proportional  to  a  (a  -f  26)  sin  f. 
Mr.  Eborall  says  that  in  the  Hey  land  motor  0  may  be  50*";  assume  it  to 
be  only  45°,  then  we  see  it  is  only  necessary  to  make  the  starting  flux 
1*4  times  the  working  flux  in  order  to  obtain  precisely  the  same  starting 
torque  as  would  be  obtainable  in  the  corresponding  two-phase  motor. 

We  may  say  briefly,  if  A  and  B  be  the  working  and  starting  fluxes 
respectively  and  0  the  phase  difference,  they  represent,  as  far  as  their 
starting  capabilities  go,  a  rotating  flux  of  strength  ^  A  B  sin  ^ 

With  regard  to  the  method  of  winding  the  Heyland  motors  for  the 
purpose  of  altering  the  number  of  poles,  it  seems  to  me  that  the  paper 
is  not  quite  clear.  Mr.  Eborall  says  :  "  On  the  other  hand,  the  method 
of  altering  the  number  of  poles  has  two  serious  disadvantages.  Firstly, 
the  reduction  of  the  number  of  poles  causes  an  unfavourable  distribu- 
tion of  the  magnetic  flux,  a  large  increase  of  magnetic  leakage  and  a 
loss  of  winding  space.  This  is  of  course  owing  to  the  fact  that  after 
the  reversal  of  the  appropriate  coils  the  currents  flowing  down  one 
side  of  those  coils  are  neutralised  by  the  currents  in  the  adjacent 
side  of  the  unreversed  coils,  as  will  be  readily  seen  from  Fig.  14, 
illustrating  the  single-phase  case."  Now  this  is  not  necessarily  so  :  at 
least  it  is  entirely  a  matter  of  arranging  the  winding  so  as  to  have  as 
many  coils  as  poles,  or  as  many  coils  as  pairs  of  poles.  In  Fig.  14  we 
have  four  coils,  that  is  to  say,  we  have  as  many  coils  as  poles,  and  that 
is  the  reason  why  part  of  the  winding  is  neutralised  when  the  two 
coils  are  reversed.  If  we  change  that  winding  and  put  as  many  coils 
as  pairs  of  poles,  making  two  coils  instead  of  four,  we  shall  find  the 
windings  are  not  neutralised  when  we  reverse  one  coil.  Fig.  16  shows 
this  very  well.  This  winding  is  not  particularly  a  Heyland  winding, 
but  merely  a  normal  winding  with  as  many  coils  as  pairs  of  poles.  On 
the  right-hand  side  there  is  an  eight-pole  winding  with  four  coils. 
When  we  reverse  two  of  the  coils  we  get  four  poles.  The  Heyland 
winding  corresponding  to  Fig.  18  for  that  case  would  be  as  shown  in 
Fig.  B.  Fig^  18  shows  a  twelve-pole  winding.  If  the  connections  of 
the  coils  be  altered,  we  can  get  a  six-pole  or  a  four-pole  or  a  two-pole 
winding.  In  the  above  diagram  we  can  get  an  eight-pole,  a  four-pole, 
or  a  two-pole  winding  by  similarly  altering  the  connections  between 
the  coils.  Fig.  16,  on  the  other  hand,  shows  an  ordinary  winding 
which  has  been  known  and  employed  for  a  very  long  time.  It  differs 
from  the  Heyland  arrangement  in  that  the  only  variation  possible  is 
8-4  poles.    We  have,  in  fact,  as  above  stated,  an  eight-pole  winding 
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with  as  many  coils  as  pairs  of  poles.  We  can  therefore  rl^erse  half,  •*'^-  Field. 
and  get  half  the  number  of  poles  with  none  of  the  windings  neutralised, 
thus  obtaining  as  many  coils  as  poles.  If  we  were  again  to  reverse 
half  the  poles,  half  the  winding  would  be  neutralised.  The  only 
variation  feasible  is  thus  from  eight  to  four  poles.  That  is  the  main 
difference  between  this  and  the  Heyland  winding  shown  in  above 
diagram. 

Mr.  Langdon  Davies  :  There  are  one  or  two  matters  which  I  should  Mr. 
like  to  refer  to.    On  page  809  the  author  says, "  With  single-phase  motors  D^vfes.  ° 
which  are  usually  arranged  to  start  up  light,  wound  rotors  with  slip- 
rings  should  be  used  over  7^  B.H.P.,"  but  he  does  not  appear  to  give 
any  explanation  why  this  should  be.    I  have  seen  larger  sizes  without 
them,  and  should  therefore  be  obliged  if  the  author  would  kindly  give  his 


Fig.  B. 

reasons.  With  regard  to  one  particular  type  of  motor  the  author  says, 
"  The  winding  carrying  the  current  of  greater  phase  difference  is  made 
to  have  the  smaller  self-induction."  I  do  not  understand,  considering 
that  there  is  nothing  exterior  to  the  coils,  what  produces  the  "  greater 
phase  diflFerence,"  if  it  has  the  smaller  self-induction.  It  may  be  that 
he  and  I  attach  different  meanings  to  the  term  "  self-induction."  Later 
he  says,  "  The  production  of  a  rotary  field  on  starting  is  not  aimed  at." 
This  appears  to  require  explanation,  because  a  rotating  field  is  abso- 
lutely necessary  to  start  an  induction  motor  of  the  t3rpe  described.  Also 
a  considerable  phase  difference,  I  believe  50°  or  more,  is  claimed 
later  on.     The  form  of  stator  winding  described  is  interesting  and 
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Langdon        appcars  to  save  turns.     I  should   like  to   know  if  the   author  can 

Davies.  give  any  details  of  starting  torques  for  given  current  values  without 

any 'resistance  in  the  rotor;  that  is  to  say,  with  an  ordinary  short- 
circuited  rotor  of  any  type.  These  would  be  interesting,  as  they  would 
show  the  difference  produced  by  this  stator  winding,  irrespective  of  the 
addition  of  resistance  to  the  rotor  windings,  which  is  not  new.  The 
paper  is  an  exceedingly  interesting  one  and  raises  many  points  for 
discussion. 

Mr.  Rhodes.  Mr,  W.  G.  RHODES  :  I  have  listened  with  very  great  interest  to  Mr. 
Eborall's  paper.  It  deals  with  a  subject  which  has  not  for  some  time 
been  brought  before  the  notice  of  the  members  of  this  Institution, 
and  one  which  certainly  deserves  more  attention  than  it  receives  in 
England.  It  is,  in  my  opinion,  a  subject  which  will  eventually  have  to 
engage  our  attention,  whether  we  will  or  no.  There  are,  as  Mr« 
Langdon  Davies  has  pointed  out,  some  rather  peculiar  remarks  in  the 
paper  which  require  elucidation.  One  regarding  self-induction,  on 
page  821,  perhaps  may  be  explained  in  this  way.  I  think  that  Mr. 
Eborall  is  rather  misusing  the  term  self-induction,  because,  in  my 
opinion,  the  coil  has  a  larger  self-induction.  The  self-induction  of  a 
coil  when  there  is  another  coil  near  to  it  is  the  number  of  lines  of  force 
which  link  that  coil  only  and  escape  the  other.  Now  Mr.  Eborall  dis- 
tinctly states  in  his  paper  that  the  starting  coil  is  >^^ound  in  such  a 
manner  as  to  produce  large  leakage.  That  large  leakage,  I  take  it,  is 
the  self-induction.  The  Heyland  motor  is  wound  so  that  the  running 
coil  has  a  minimum  leakage — no  self-induction— if  possible,  while  the 
starting  coil  has  a  large .  leakage,  that  is,  a  large  self-induction.  The 
reason  why  a  better  result  should  be  obtained  with  a  small  number  of 
turns  on  the  starting  coil  is  that  a  larger  current  is  allowed  to  pass, 
producing  a  large  useful  flux,  or  mutual  induction,  and  at  the  same 
time  a  large  self-induction  to  displace  the  current  out  of  phase  with 
the  impressed  potential  difference. 

I  prefer  to  view  these  problems  rather  from  a  physical  aspect  than 
from  a  mathematical  one,  although  I  have  often  looked  at  them  from 
both  points  of  view.  On  page  815  the  flux  density  in  the  iron  is  given ; 
I  imagine  that  it  is  rather  too  high.  In  transformers  it  is  not  customary 
to  go  up  to  10,000  lines  or  even  to  5,000  lines  per  square  centimetre, 
on  account  of  the  large  hysteresis  loss.  An  induction  motor  is  like  a 
transformer,  and  the  stator  is  subject  to  the  full  frequency  of  the  supply 
circuit,  so  that,  in  order  to  keep  the  efficiency  of  the  motor  within 
reasonable  limits,  it  is  advisable  to  keep  the  induction  density 
moderately  low. 

With  regard  to  Mr.  Eborall's  statement  as  to  the  standardisation  of 
periodicities  and  voltages  for  alternating-current  motors,  one  cannot 
say  too  much  in  favour  of  it,  because  the  want  of  such  standardisation 
is  undoubtedly  the  manufacturer's  bugbear. 

As  to  the  possibility  of  starting  monophase  induction  motors  under 
load,  it  seems  to  me  that  too  much  attention  has  been  devoted  to  the 
stator  windings.  Undoubtedly  the  Heyland  winding  is  an  extra- 
ordinarily good  one;  we  will  not  dispute  that.     It  produces  good 

—  results.    We  are  told  that  the  phase  difference  between  the  starting 
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current  and  the  running  current  is  about  50**.  The  two  mutual  fluxes,  Mr.  Rhodes, 
the  mutual  flux  of  the  running  coil  and  rotor  and  the  mutual  flux  of  the 
starting  coil  and  rotor,  should  approximately  produce  a  uniform 
rotating  field.  The  leakage  flux  of  the  starting  coil  should  displace  the 
current  in  it  as  much  as  possible,  the  nearer  90°  the  better,  though  of 
course  this  value  cannot  be  attained,  but  the  greater  the  displacement 
of  phase  the  better  it  is  for  starting. 

If  further  improvement  is  to  be  made  in  the  starting  of  such  induc- 
tion motors,  we  shall  have  to  look  to  the  rotor.  The  Heyland  motor  is, 
as  far  as  the  rotor  is  concerned,  worked  by  inserting  at  the  start  a 
resistance  into  each  of  the  three  circuits.  The  object  is  to  cut  down 
the  rotor  currents  at  the  start,  because  the  rotor  itself  has  a  large  self- 
induction,  producing  a  large  leakage  field — a  large  field  which  does 
not  cut  the  stator  running  coil.  The  insertion  of  resistance  into  the 
rotor  circuits  diminishes  the  leakage  field,  which,  by  its  demagnetising 
action,  tends  to  nullify  the  effect  of  the  stator  magnetising  current, 
but  it  also  diminishes  the  rotor  energy  current,  which  is  in  phase  with 
the  E.M.F.  induced  in  the  rotor  coils  and  which  produces  the  torque. 
What  we  ought  to  do,  if  possible,  is  to  wipe  out  the  self-induction  of 
the  rotor  coils  completely,  in  fact  to  have  no  self-induction  of  the 
rotor  coils,  no  self-induction  of  the  running  coil,  and  a  large  self-induc- 
tion of  the  starting  coil.  It  is  impossible  to  wipe  out  the  self-induction 
of  the  rotor  coils  by  means  of  a  non-inductive  resistance  to  start  with, 
and  to  put  in  an  inductive  resistance  to  start  with  is  worse,  because 
that  will  throw  the  current  more  out  of  phase  with  the  induced  E.M.F. 
I  have  tried  myself  to  nullify  the  effect  of  the  leakage  field  due  to  the 
rotor  currents  themselves  by  the  injection  in  the  rotor  circuits  of 
counter  E.M.F.'s  which  will  act  in  opposition  to  the  leakage  field 
produced  by  the  rotor  currents,  and  I  have  got  very  fair  results  from 
it.  For  instance,  I  have  got  a  motor  to  start  with  full-load  torque  with 
approximately  ij  times  fulMoad  current.  That  is  not  very  good,  but 
it  is  fairly  so,  and  may  probably  be  improved.  I  have  now  in  process 
of  manufacture  by  the  Cla3rton  Engineering  and  Electrical  Construction 
Company,  Ltd.,  a  two-horse  induction  motor  for  50  cycles  and  200 
volts,  and  I  am  anticipating  that  the  starting  current  will  not  much 
exceed  13  amperes.  The  counter  E.M.F.'s  are  obtained  by  tapping 
the  stator  circuits  in  a  suitable  manner  and  connecting  through  a 
suitable  switch  with  the  rotor  collector  rings.  It  can  be  done  by 
using  transformers  with  negligible  leakage. 

The  necessity  of  having  little  or  no  self-induction  of  the  rotor  coils 
and  running  coil  is  obvious  when  we  consider  the  low  power  factor  of 
alternating-current  motors.  When  we  cannot  get  more  than  about 
75  per  cent,  power  factor,  it  shows  that  the  leakage  is  considerable. 

We  cannot  consider  the  alternating-current  motor,  either  polyphase 
or  monophase,  anything  like  perfect  until  we  can  have  at  the  same 
time  a  frequency  changer.  The  present  method  of  changing  the 
speed  is  altogether  crude  and  unscientific.  It  does  not  admit  of  any 
gradual  change  of  speed  at  all.  It  can  jump  from  one  speed  to 
another  and  back  again  suddenly,  but  the  gradual  change  of  speed  is 
impossible  with  the  present  means.    The  only  means  of  doing  that 
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and  of  obtaining  the  results  which  we  hope  to  do  with  inductkm 
motors,  is  by  the  introduction  of  frequency  transformers  giving  a  very 
wide  range  of  frequency. 

Professor  Ernest  Wilsox  :  Mr.  Hurst  has  prepared  some  corves 
for  me  which  are  shown  in  the  accompanying  diagram.  The  data  from 
which  those  curves  have  been  obtained  were  supplied  to  me  by  well- 
known  manufacturers  of  induction  motors.  In  the  diagram  vertically 
the  weight  of  the  motor,  suitable  for  belt  driving,  is  given  in  pounds, 
without  reckoning  foundation  rails,  starting  resistances,  or  anything 
external  to  the  motor.  Horizontally  is  plotted  a  quantity  which  I  once 
ventured  to  call  a  "mass-factor,"*  that  is  to  say  it  is  the  B.H.P.  of 
the  motor  divided  by  the  revolutions  of  the  motor  per  minute.    The 


Fig.  C. 

curve  A  refers  to  a  single-phase  motor  suitable  for  working  at  a  frequency 
of  50  periods  per  second ;  the  curves  B,  C,  E  and  F  refer  to  multiphase 
motors  at  50  periods  per  second ;  whilst  the  curve  D  refers  to  multi- 
phase motors  at  60  periods  per  second  :  the  data  being  such  that  the 
curves  are  comparable  with  one  another.  The  dotted  curve  a  refers 
to  direct-current  four-pole  motors  made  by  a  well-known  firm,  and  is 
included  for  comparison  with  the  curves  which  have  been  obtained 
from  the  induction  motor  data.  I  should  like  to  point  out  that  difiEcrent 
makers  have  widely  different  ideas  as  to  what  the  weight  of  a  motor 
should  be  for  a  given  mass-factor.  For  instance,  taking  a  mass- 
'  S«e  Proc,  lust,  EUc,  Eng,,  part  127,  vol.  xxvi.  p.  160. 
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factor  of  o'l,  the  weight  may  vary  through  very  wide  limits,  according  g"^^' 
to  the  ideas  of  the  several  makers ;  and  this,  I  think,  is  an  important 
matter.  The  prices  of  these  motors  have  been  plotted  in  terms  of  the 
mass-factor.  I  have  not  got  the  diagram  here,  but  there  is  not  such 
a  great  difference  between  the  prices  as  there  is  between  the  weights. 
In  conclusion,  I  wish  to  congratulate  Mr.  Eborall  on  presenting  such 
a  valuable  paper. 

Professor  C.  A.  Carus- Wilson  :  The  most  interesting  part  of  this  Professor 
paper  is  that  relating  to  starting  devices  for  single-phase  motors.  I  wiison. 
have  endeavoured  to  make  out  from  Mr.  Eborall's  paper  exactly  how 
Mr.  Hey  land's  device  works,  but  it  is  not  easy  to  ascertain  what  is  the 
real  action  producing  this  result,  and  the  difficulty  is  increased  by  the 
way  in  which  Mr.  Eborall  uses  the  word  "  self-induction."  The  problem 
of  the  single-phase  induction  motor  point  is  to  get  a  strong  field  lagging 
well  behind  the  primary  field.  One  way  in  which  this  has  been 
attempted  is,  as  Mr.  Eborall  has  indicated,  to  use  an  outside  choking 
coil.  The  disadvantage  of  this  method  is  that  while  you  get  a  good  lag 
you  waste  your  field ;  that  is  to  say,  the  flux  in  the  choking  coil  is  no  use 
for  producing  torque,  or,  as  Mr.  Eborall  puts  it,  "  the  strength  of  the 
cross  flux,  in  the  moior,  is  diminished  by  an  amount  equivalent  to  the 
leakage  flux  of  the  coil."  If,  on  the  other  hand,  you  try  to  get  your  lag 
by  using  a  starting  coil  of  large  self-induction,  you  find  that  the  effect 
of  the  self-induction  is  neutralised  by  the  reaction  of  the  currents  in  the 
rotor,  so  that  you  have  a  strong  field  but  a  poor  lag.  What  Mr.  Hey- 
land  has  done  is  practically  this.  He  has  taken  a  single-phase  motor 
with  the  usual  starting  coil  and  no  outside  choking  coil,  an  arrangement 
which,  under  ordinary  circumstances,  would  give  you  hardly  any  start- 
ing torque,  and  he  has  allowed  some  of  the  useful  flux  of  the  starting 
coil  to  leak,  by  providing  it  with  a  carefully  designed  leakage  path, 
and  this  leakage  flux  is  enough  to  give  a  good  lag.  It  is  true  that  by 
permitting  leakage  he  weakens  his  field,  but  in  doing  so,  he  gets  a  field 
out  of  step  with  the  torque-producing  field,  and  in  that  way  he  is  able 
to  get  a  good  lag.  I  think  that  the  real  discovery  Mr.  Heyland  has 
made  is  that  it  pays  to  take  away  part  of  the  total  field  of  the  starting 
coil,  when  by  so  doing  you  can  make  it  leak  and  thus  get  a  good  lag. 
As  to  the  reason  why  it  is  found  advantageous  to  have  but  few  turns  in 
the  starting  coil,  it  seems  to  me  simply  a  question  of  ohmic  resistance, 
since  by  lowering  the  resistance  you  can  increase  the  lag  that  you  get 
for  any  given  self -inductive  effect.  Mr.  Heyland  has  certainly  obtained 
good  results,  that  is  to  say  for  single-phase  motors,  namely,  a  full-load 
starting  torque  with  twice  the  full-load  current.  Looking  at  the  diagram 
on  page  8ii,  one  sees  in  the  first  place  that  the  speed  regulation  is  good 
for  a  motor  of  that  size  :  in  fact  the  speed  regulation  of  a  single-phase 
motor  is  in  general  better  than  that  of  a  polyphase  motor.  The  effi- 
ciency is  very  fair  as  shown  by  the  diagram.  The  great  defect  is,  no 
doubt,  the  low  power  factor.  Few  things  are  more  provoking  to  the 
electrical  engineer  than  lagging  current.  One  feels  that  it  is  not  doing 
the  least  good,  and  yet  you  cannot  get  rid  of  it  Of  course  with  a  single- 
phase  induction  motor  all  the  bad  effects  due  to  lagging  currents  that 
you  get  in  the  polyphase  motor  are  intensified,  since  the  primary  current 
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has  to  carry  the  magnetising  current  for  both  the  main  field  and  the 
cross  field,  and  consequently  you  get  a  very  low  power-factor,  as  shown 
in  the  diagram,  something  between  50  and  60  per  cent,  at  half  load. 
Electrical  engineers  have  made  great  efforts  to  increase  the  value 
of   the  power  factor.      In    this  connection  it    is  difficult    to    avoid 

(mentioning  the  name  of  Mr.  Steinmetz,  the  Clerk  Maxwell  of  alter- 
nating-current engineering,  since  it  is  almost  impossible  to  say 
an3rthing  about  induction  motors  that  has  not  been  written  or  said  by 
I  Mr.  Steinmetz.  It  is  not,  I  think,  out  of  place  to  refer  to  the  remarkaUe 
discovery — as  I  think  it  may  be  called — quite  recently  made  by  Mr. 
Steinmetz  of  the  single-phase  condenser  motor.  In  the  course  of 
experiments  Mr.  Steinmetz  found  that  if  in  a  single-phase  induction 
motor  you  connect  the  starting  coil,  called  by  him  a  tertiary  coil,  to  a 
condenser,  of  suitable  capacity,  it  can  be  made  to  supply  the  magne- 
tising current  for  the  cross  field,  thereby  relieving  the  primary  of  the 
burden  of  supplying  that  current,  and  thus  raising  the  power  factor  to 
that  of  an  ordinary  polyphase  motor.  Further,  by  increasing  the  capa- 
city of  the  condenser,  not  only  can  it  be  made  to  supply  the  magne- 
tising current  for  the  cross  field,  but  also  that  for  the  main  field.  In 
this  way  the  condenser  actually  supplies  the  whole  of  the  magnetising 
current,  and  the  power  factor  is  raised  to  one  hundred  per  cent  It  is 
true  that  this  gives  no  advantage  at  starting,  it  simply  enables  you  to 
run  at  synchronism  with  a  high  power  factor.  Mr.  Steinmetz  gets 
his  starting  effect  by  shifting  the  tertiary  or  starting  coil  round  through 
a  certain  angle ;  this  seems  to  have  led  him  to  th«  idea  of  applying 
this  method  to  an  ordinary  three-phase  motor,  that  is  to  say,  simply  to 
put  the  condenser  across  one  of  the  three-phase  connections.  In  this 
way  he  gets  a  good  starting  effect — though  not  as  good  as  when  the 
motor  is  running  on  a  polyphase  circuit.  Not  content  with  putting  a 
condenser  coil  across  one  of  his  three-phases,  he  puts  a  reaction  coil 
across  the  other,  and  finds  that  he  is  able  in  this  way  to  make  the 
starting  torque  and  the  output  of  a  single-phase  induction  motor  as 
high  as  could  be  obtained  if  the  motor  were  running  as  a  three-phaser 
and  at  the  same  time  with  a  power  factor  at  synchronism  of  over  97  per 
cent.  I  think  that  is  a  remarkable  result.  It  will  be  said  that  with  this 
system  you  have  to  use  condensers,  and  that  there  are  serious  objections 
to  -this.  No  doubt  there  are  objections  to  condensers,  but  like  many 
other  objections  they  may  perhaps  be  got  over.  In  any  case  I  think 
Mr.  Steinmetz  may  be  congratulated  upon  his  achievement. 

Mr.  S.  Z.  DE  Ferranti  :  I  have  followed  this  paper  with  the  greatest 
possible  interest,  but  the  concluding  remarks  interested  me  even  more 
than  the  paper,  because  in  them  the  author  says  that  single-phase  supply 
is  practically  played  out.  Well,  if  that  is  so,  I  think  it  is  a  very  great 
pity  to  have  taken  up  the  time  of  one  of  the  Institution's  meetings  with 
a  paper  about  single-phase  alternating-current  motors.  So  far  as  I  can 
see,  single-phase  alternating  supply  is  only  just  commencing,  provided 
it  is  carried  out  in  the  right  way.  I  do  not  say  that  to-day  for  a  large 
power  scheme  I  should  feel  inclined  to  lay  down  a  single-phase  system, 
but  I  feel  confident  that  in  less  than  a  year's  time  we  shall  be  planning 
single-phase  power  schemes  for  all  purposes.    Indeed,  to-day  it  would 
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be  very  hard   to   get  anything  better    than  a  single -phase  power-  p|j"rrantl 
supply  for  feeding  a  continuous-current  network.     I   think  it  would 
be  found  the  cheapest  way  of  doing  it  through  motor-generators,  and 
I   think  it  will  be  found  the  most  efficient  and  generally  the  most 
satisfactory  way.    For  town  lighting,  where  there  is  a  fair  amount  of 
motive  power  work,  very  excellent  motors,  among  them  that  of  Mr. 
Heyland,  have  made  this  quite  a  practical  system,  and  there  is  very 
little  superiority  of  the  continuous-current  for  ordinary  motor  work 
over  a  low  periodicity  alternating.     There  is,  of  course,  the   ques-  ^ 
tion    of    running    lifts,  and    motors    of    that    class    still    require    a 
satisfactory  solution.     I  am,  however,  quite  confident,  and  that  apart 
from  what  we  hear  that  Mr.  Steinmetz  has  done,  that  there  will  be  i 
before  long  commercial  single-phase  motors  on  the  market  with  a 
power-factor  of  very  nearly  unity,  and  an  efficiency  of  about  90  per 
cent.,. or  even  more,  in  ordinary  practice.    With  regard  to  what  we 
have  heard  about  Mr.  Steinmetz,  it  seems  strange,  since  the  problem 
is  solved,  that  we  do  not  see  the  result  of  the  solution  on  the  market. 
As  a  matter  of  fact,  I  do  not  think  Mr.  Steinmetz  was  at  all  original 
in  the  work  that  we  have  heard  attributed  to  him.    Who  really  started 
this  idea  I  do  not  know,  but  I  saw  eight  or  nine  years  ago  a  motor  fed 
on  a  single-phase  circuit  running   practically  as   a   two-phaser    and 
using  a  condenser  on  one  circuit  which  gave  all  the  results  that  we 
have  heard  of,  and  yet  that  motor  is  not  on  the  market.    I  suppose  the 
reason  is  because  one  of  the  elements,  the  condenser,  is  commercially 
wanting.     If  we   had   the  condenser  it  would  settle  a  great  many 
problems  and  improve  a  great  many  rather  awkward  positions.     No 
doubt  the  demand  will  bring  forth  the  article  sooner  or  later,  and  I 
hope  sooner.    With  regard  to  the  question  of  single-phase  motors  as 
applied  to  the  production  of  power  in  cities,  ordinarily,  I  think  that 
engineers  running  single-phase  installations  need  not  feel  in  the  least 
uncomfortable   or    anxious   about    the   future    of    their   installations, 
provided   they  are  of  low  periodicity.     We   have  heard,  as  I   said 
before,  that  this  class  of  work  is  played  out ;  but,  on  the  other  hand, 
I  think  this  class  of  installation  is  just  commencing  its  real  career 
of  usefulness.     Still,  I  would   like  to  point  out  that  high-frequency 
installations  are  at  a  very  great  disadvantage,  and  whatever  improve- 
ments are  made  in  the  way  of  motors  and  in  the  way  of  running  these 
systems  generally,  I  do  not  think  that  they  will  ever  get  to-  be  as  satis- 
factory commercially  or  as  good  generally  as  low-periodicity  single- 
phase  systems.    There  is  no  doubt  that  the  low  periodicity  greatly 
assists  the  motor  question  besides  many  other  questions,  and  I  think 
that  when  we  have  got  the  few  additional  developments  which  are  still 
wanting  we  shall  sec  the  bulk  of  power-supply  and  distribution  work 
done  with  single-phase  alternating  currents. 

Mr.  W.  B.  EssoN  :  The  large  attendance  at  this  meeting  shows  the  Mr.  Ea»on. 
great  interest  which  is  being  taken  in  induction  motors,  and  Mr.  Eborall 
is  to  be  congratulated  on  bringing  this  subject  before  the  Institution. 
But  in  the  short  time  at  our  disposal  the  matter  cannot  be  discussed  in 
the  way  it  certainly  deserves.  I  should  like  to  say  that  I  appreciate  in 
the  highest  degree  a  remark  made  by  the  author  at  the  end  of  the  first 
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Mr.  Esson,     pj^j  Qf  ^jjg  paper,  where  he  says  "  that  experience  in  designing  and  a 
large  quantity  of  experimental  data   for  the    t3rpe  in    question    are 
absolutely  necessary  if  the  best  results  are  to  be  obtained."      If  you 
devour  the  whole  literature  of  the  subject  the  feast  will  not  enable  you 
at  the  first  trial  to  design  a  good  induction  motor,  and  I  think  every 
designer  knows  that.    Coming  to  the  points  of  construction,  I  am  very 
interested  in  Mr.  Eborall's  way  of  building  up  the  stator  plates,  but 
there  appear  to  be  some  disadvantages  which  Mr.  Field  has  already 
alluded  to,  and  which  may  become  accentuated  in  motors  of  large  size. 
In  the  motors  my  firm  has  made  we  have  fitted  the  plates  right  into  the 
cast-iron  stator  cases.     We  find  that  we  cannot  dispense  with  the 
tooling,  because  the  stampings  are  not  good  enough  to  enable  us  to  have 
a  uniform  gap  of  -f^  in.  with  plates  of  12  in.  diameter,  without  tooling 
inside.     Mr.  Eborall  puts  the  matter  in  this  way.     He  says :  "  I  cannot 
use  the  hole  stampings,  because  if  I  do  I  have  to  tool  them,  as  the  shred 
of  iron  left  must  be  very  small."  On  the  other  hand  I  put  it  this  way  :  I 
have  to  use  the  hole  stampings  for  small  motors,  because  there   is 
no  other  kind  I  can  tool.    If  I  have  slotted  stampings  they  cannot  be 
tooled,  because  they  burr  up.    There  is  a  question  in  my  mind  as  to 
whether  the  stators  with  the  straight  slots,  as  made  by  the  American 
Companies,  notably  the  Westinghouse  Company,  or  the  stators  with 
the  hole  winding  made  by  the  Continental  firms,  are  the  best.    The 
one   has  certainly  all  the  coils  wound  on  formers,  and  you  get  a 
perfectly  symmetrical  winding,  and  a  winding,  I  think,  which  should  be 
easier  to  repair  than  the  hole  wound  stators,  where  you  have  bent  coils 
and  straight  coils  alternately.    It  is  a  very  important  point  in  sending 
motors  abroad,  where  no  technical  skill  can  be  found — or  at  any  rate  the 
technical  skill  is  of  a  very  low  order — ^to  have  motors  that  require 
no  repair,  or  very  little  repair ;   and   when  they  do  want  repairing 
the  repairs  ought  to  be  able  to  be  performed  in  the  easiest  possible  way. 
On  page  808  Mr.  Eborall  refers  to  the  starting  of  the  motors,  and  he  sa3rs : 
**  For  motors  having  to  start  against  load  (apart  from  crane,  elevator, 
and  mining  motors)  the  author  is  decidedly  of  opinion  that  the  squirrel- 
cage  construction,  or  its  modifications,  should  be  avoided  with  all 
polyphase  motors  about  5  B.H.P."     That,  I  believe,  is  the  Continental 
practice.  Motors  with  squirrel-cage  windings  are  not  usually  made  above 
from  5  to  10  h.p.,  though  I  have  got  some  firms  to  make  them  as  high 
as  22.    On  the  other  hand,  the  American  practice  is  quite  the  reverse. 
There  they  make  motors  of  any  size,  with  squirrel-cage  windings.    The 
largest  I  have  had  was  from  the  Westinghouse  Company,  a  50  h.p.  with 
squirrel-cage  winding,  and  it  gave  every  satisfaction.     I  should  like  to 
hear  more  fully  the  author's  reason  for  limiting  the  size  of  the  motof 
with  a  squirrel-cage  winding  to  such  a  low  power  as  5  h.p.     It  must  1 
remembered  that  a  wound  rotor  is  much  more  expensive.     In  the  < 
of  a  wound  rotor  you  want  probably  four  times  the  amount  of  copper  to  f 
the  same  result,  and  with  the  wound  rotor  you  have  a  somewhat  smaj 
power-factor.     Coming  to  the  figures  which  Mr.  Eborall  gives  < 
performance  in  "  Notes  on  Performance  and  Design,"  in  my  S^  pjj 
Arts  paper,  read  in  1897,  I   gave  some  figures  of  the  po'^ay  ittW- 
These  were  not  the  same  as  those  of  Mr.  Eborall,  and*'  m0^ 
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this  way,  that  Mr.  Eborail's  figures  are,  I  understand,  guaranteed  Mr.  Eaaon. 
performances,  whereas  mine  were  actual  performances.  There  is  a 
very  great  difference.  I  have  had  the  figures  for  power-factors,  which 
Mr.  Eborall  gives  specified  and  also  guaranteed,  but  I  have  never  got 
them.  I  can  tell  you  what  is  given  by  the  very  latest  and  best  practice 
on  the  Continent.  I  have  had  an  opportunity  of  testing  all  sizes  of 
two-phase  motors,  from  5  h.p.  up  to  100  h.p.,  and  the  very  best  power- 
factor  we  ever  got  with  a  15  h.p.  was  81  per  cent,  (that  was  with  a 
squirrel-cage  winding) ;  with  25  h.p.  78  per  cent.,  and  with  100  h.p. 
80  per  cent.  They  were  two-phase  motors,  with  a  frequency  of  50. 
While  therefore  I  am  a  great  believer  in  the  induction  motor,  I  am 
no  believer  in  Mr.  Eborail's  figures.  That,  I  think,  is  all  I  have  to  say 
on  the  motor  question.  There  is  one  point  which  has  been  referred  to  ' 
by  Professor  Carus- Wilson,  namely,  the  question  of  condensers.  I 
should  like  to  hear  from  Mr.  Eborall  whether  latest  advices  from 
the  Continent  and  America  on  the  subject  show  condensers  to  be 
commercially  successful.  Several  years  ago  the  Stanley  Manufacturing 
Company  in  the  States  introduced  as  an  ordinary  thing  in  their 
catalogues  condensers  for  working  with  two-phase  motors,  but  I  never 
heard  whether  they  had  been  successful  commercially  or  not.  I  should 
very  much  Hke  to  have  some  information  upon  that  point. 

Mr.  G.  L.  Addenbrooke  ;  I  think  Mr.  Eborall  is  to  be  congratulated  Mr.  Addcn- 
on  the  manner  of  his  paper,  as  well  as  the  matter.  It  seems  to  me  that 
he  has  presented  the  whole  subject  in  a  very  well-balanced  way. 
There  is  one  point  with  regard  to  the  power-factor  which  I  should  like 
to  allude  to,  following  on  what  Mr.  Esson  has  said.  It  appears  to  me 
that  the  wattless  current  taken  by  motors,  though  not  actually  constant, 
is  more  or  less  a  sort  of  constant  over  a  considerable  range,  and  it 
would  be  very  useful  if  in  the  figures  he  has  given  us  Mr.  Eborall  could 
split  up  this  no-load  current  into  two  factors,  the  watt  current  actually 
taken  for  friction  and  magnetising  the  iron,  and  the  actual  wattless 
current  required  to  produce  the  field.  These  figures  are  very  useful, 
because  if  you  have  that  constant  for  no  load  it  enables  you  to  get 
an  approximate  figure  for  the  power-factor  for  any  other  load.  I  do 
not  say  that  it  is  absolutely  so,  because  leakage  comes  in  with  a  heavy 
current,  but  it  certainly  gives  a  very  useful  approximate  figure. 

The  only  other  point  I  wish  to  deal  with  is  the  question  of  single- 
phase  verstis  two-  or  three-phase.  It  is  rather  unfortunate,  when  wc 
are  proposing  to  open  out  into  this  work,  that  this  question  should  be 
raised  again.  I  have  spent  some  time  in  looking  into  the  matter  from 
a  practical  point  of  view,  and  it  seems  to  me  that  it  is  difficult  to  form 
any  very  definite  opinion  on  the  subject,  as  one  cannot  go  on  any  very 
clear-cut  lines.  You  can  get  up  to  a  certain  point,  after  which  we  must 
speculate  upon  unexpected  developments  of  some  sort  or  other.  Mr. 
Ferranti  may  know  something  which  he  has  not  told  us  which  might 
modify  our  ideas,  but  I  must  say  I  cannot  see  anything  on  the  horizon 
which  would  in  the  end  make  single-phase  better  than  a  two-  or  three- 
phase  alternating-current  for  most  purposes.  Supposing  we  actually 
succeeded  in  making  a  single-phase  alternating  motor  as  good  as  a  two- 
phase  motor— to  all  intents  and  purposes — should  we  have  a  very  great 
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^br^^'  S^^^  ^  Would  it  not  still  be  better  to  have  two  or  three  phase  ?  Are 
there  not  certain  advantages  in  having  two  and  three  phase,  I  do  not 
say  in  the  motor  itself,  but  in  the  whole  system,  which  would  outweigh 
a  question  of  the  apparent  simplicity  of  single  phase  ?  That  is  the 
point. 
Mr.  Thomas  Mr.  EusTACE  Thomas  :  Mr.  Eborall's  paper  has  raised  many  points 
of  interest,  but  it  will  only  be  possible  at  this  late  hour  to  refer  to  one 
or  two  of  them. 

The  use  of  squirrel-cage  rotors  has  been  disparaged  in  a  manner 
which  is,  I  think,  somewhat  too  general.  There  are  many  cases  where 
a  squirrel-cage  rotor  would  produce  objectionable  disturbance  even  in 
a  motor  of  only  one  or  two  horse-power.  On  the  other  hand,  there  are 
cases  where  such  rotors  can  be  used  with  advantage  in  motors  of  50 
horse-power  or  more.  Perhaps  the  only  generalisation  that  can  be 
made  is  that  squirrel-cage  rotors  should  be  used  in  all  the  numerous  cases 
where  no  serious  disturbance  will  result,  and  where  the  othqr  conditions 
are  suitable ;  the  engineer  will  have  to  decide  each  case  on  its  own  merits. 
An  engineer  cannot  afford  to  get  the  reputation  of  being  a  "  wound-rotor 
man,"  or  a  "  squirrel-cage  man,"  any  more  than  he  should  allow  hiniself 
to  be  considered  a  "  continuous-current  man  "  or  a  "  three-phase  man.'* 
Each  system  should  receive  application  in  its  proper  place. 

In  his  "  Notes  on  Performance  and  Design,**  Mr.  Eborall  gives 
values  which  are,  I  think,  more  applicable  to  the  closed  slot,  or 
Continental  design,  than  to  the  open  slot  American  type.  The  latter 
undoubtedly  has  a  larger  magnetising  current,  but  it  possesses  the 
advantages  of  form- wound,  interchangeable  windings,  and  seems  to 
give  somewhat  better  results  as  regards  breakdown  point,  efficienc}*, 
and  power  factor,  although  these  do  not  depend  only,  of  course,  on  the 
shape  of  the  slots.  In  illustration  of  this  I  may  quote  the  following 
tests  selected  at  random. 

The  breakdown  point  of  a  5  H.P.  motor  occurred  at  27  times  full- 
load  current,  and  of  a  50  H.P.  motor  at  4^  times.  Motors  of  inter- 
mediate capacities  had  values  between.  This  is  a  matter  of  consider- 
able importance,  as  the  available  torque  varies  as  the  square  of  the 
voltage,  and  such  losses  as  commonly  occur  in  distribution  systems 
have  frequently  resulted  in  the  motors  failing  to  carry  their  load. 

As  regards  efficiency,  tests  of  a  5  H.P.  motor  showed  SiJ^  per  cent., 
and  of  a  15  H.P.  motor  889  per  cent.  The  5  H.P.  motor  further  gave 
a  power  factor  of  87^^  per  cent.  It  may  be  that  the  values  in  the  paper 
are  guarantees,  in  which  case,  no  doubt,  a  factor  of  safety  has  been 
allowed,  and  the  difference  would  not  be  so  great. 

As  further  illustrating  how  motors  of  good  design  may  differ,  and 
still  give  good  practical  results,  I  may  say  that  the  air-gap  on  small 
motors  may  be  larger,  and  on  large  motors  smaller,  than  Mr.  Eborall's 
figures  with  good  results. 

The  preceding  discussion  has  made  it  clear  that  the  Hcyland  motor 
starts  in  the  same  general  way  as  other  motors  commonly  used,  and  it 
is  unnecessary  to  dwell  at  length  on  the  matter.  To  Heyland  is  due  the 
credit  of  seeing  that  a  large  field  produced  by  the  starting  coil  is  an 
advantage,  and  that  sufficient  lag  can  be  obtained  in  the  coil  alone,  by 
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bunching  the  windings  and  so  shaping  the  slot  that  a  considerable   Mr.  Thomas, 
leakage  path  exists.    Mc  Field's  explanation  of  the  value  of  the  larger 
ilux  is  new  and  interesting. 

The  question  has  t>een  raised  by  several  speakers  as  to  the  possibility 
of  using  condensers  commercially  with  single-phase  motors.  I  am  able 
to  say  that  they  have  to  my  knowledge  been  used  for  some  time  past 
with  success.  After  what  has  been  said,  the  Institution  may  be 
interested  to  hear  some  of  the  results  obtained  on  the  commercial,  as 
distinct 'from  the  experimental  scale.  A  5  H.P.  motor  gave  a  power 
factor  of  90  per  cent,  and  an  efficiency  of  80  per  cent.  It  further  started 
with  full- load  torque  at  i^  of  the  full-load  current.  The  advantages  of 
the  system  both  as  regards  starting  and  running  will  thus  be  apparent, 
and  should  make  it  possible  to  use  such  motors  on  existing  lighting 
circuits  having  poor  regulation  on  account  of  (magnetically)  leaky 
transformers,  or  other  cause. 

Professor  Carus- Wilson  :  Was  a  re-actance  coil  used  ?  SrSs^ 

Mr.  Thomas  :  No.  The  motor  may  be  described  as  a  three-phase  wuson. 
motor,  the  single-phase  line  circuit  being  joined  direct  to  two  terminals  ^'  ***""* 
of  the  motor,  while  the  third  motor  terminal  was  joined  to  one  side  of 
the  single-phase  circuit  through  a  condenser.  The  condenser  remains 
in  circuit,  and  the  motor  with  its  condenser  is  treated  as  though  the 
circuit  were  three-phase.  In  this  case  there  is  no  starting  coil  to  be  cut 
out,  but  the  whole  of  the  winding  is  available  both  for  starting  and 
running,  and  hence  the  motor  may  be  considerably  smaller  than  the 
ordinary  single-phase  machine.  This  is  of  interest  in  relation  to  Mr. 
Eborall's  remarks  on  the  subject  of  size,  and  in  that  it  enables  the  cost 
and  weight  of  the  motor  and  condenser  combined  to  be  kept  within 
limits.  The  shipping  weight  of  a  5  H.P.  motor  with  all  starting  gear 
was  610  lbs.,  but  this  contained  a  considerable  proportion  of  packing, 
probably  about  20  per  cent.  The  advantages  of  good  power  factor, 
efficiency,  and  starting  are  thus  obtained  without  extravagant  weight  or 
expense. 

The  system  of  Speed  regulation  described  enables  the  speed  of  the 
motor  to  be  doubled,  but  intermediate  values  must  be  obtained  by 
resistance  in  the  rotor  circuit.  I  have  the  results  of  tests  made  on 
motors  with  a  variable  number  of  poles  some  time  back,  and  it  is 
evident,  as  might  be  expected,  that  the  constants  of  the  motor  suffer. 
In  the  cases  that  have  arisen  in  my  own  practice,  a  speed  range  of  two 
to  one  has  usually  been  the  extreme  limit,  and  the  limit  speeds  have 
been  seldom  required,  the  motor  usually  running  at  some  intermediate 
value.  This  unfortunately  greatly  moderates  the  value  of  variable  pole 
speed  control ;  but  within  their  limited  field  of  application,  the  devices 
of  Mr.  Heyland  are  ingenious  and  command  respect. 

Mr.  A.  C.  Eborall,  in  reply,  said :  I  have  to  thank  the  various 
speakers  very  heartily  for  the  honour  they  have  done  me  in  discussing 
the  paper,  and  for  their  appreciative  remarks.  Several  questions  of 
con^derable  interest  have  been  raised,  and  regarding  these  I  would  like 
to  reply  as  follows : — 

Mr.  Field  thinks  that  the  method  of  building  up  the  stator  core- 
discs  of    induction   motors,  employed   by  my  firm  and  described  in 


Mr.  EboralL 


Digitized  by  LjOOQ  IC 


860  EBORALL :  INDUCTION   MOTORS.  [May  17th, 

Mr.  KboraiL  ^he  paper,  may  prove  objectionable  on  account  of  the  plates  working 
loose  under  the  continual  heating  and  cooling  to  which  they 
are  subjected  in  the  motor.  I  think  Mr.  Field  will  agree  that  his 
objection  entirely  disappears  when  I  tell  him  that  the  rivets  are  put  in 
hot.  As  stated  in  the  paper,  however,  the  method  is  not  so  suitable  for 
very  large  motors,  and  modifications  are  introduced  for  motors  above 
30  B.H.P. ;  up  to  this  size  it  has  proved  thoroughly  satisfactory,  and 
several  hundred  motors  so  constructed  have  never  given  the  slightest 
trouble.  Mr.  Field  suggests  that  I  should  give  some  figures  for  direct- 
current  motors  relating  to  design  and  performance,  for  purposes  of 
comparison  with  the  induction  motors.  It  is  a  little  difficult  to  do  this, 
because  the  figures  for  various  makes  of  direct-current  motor  vary 
enormously,  on  account  of  the  variation  in  design ;  with  induction 
motors  this  difficulty  does  not  come  in  to  anything  like  the  same  extent, 
•  as  the  general  design  is  practically  the  same  with  all  makers.  But  I 
may  say  that,  generally  speaking,  the  efficiency  figures  guaranteed  by- 
different  makers  for  semi^enclosed  direct-current  motors  are  about  the 
same  as  those  given  in  the  paper  for  polyphase  motors,  and  the  same 
remark  applies  to  the  heating.  But  the  overload  capacity  is  much  less, 
and  the  weight  per  B.H.P.  considerably  greater  for  such  motors,  com- 
pared with  the  figures  for  polyphase  motors. 

I  am  sure  we  are  all  indebted  to  Mr.  Field  for  his  very  clear  proof 
that  in  order  to  get  the  greatest  possible  starting  torque  with  a  single- 
phase  motor,  it  is  necessary  to  make  the  flux  of  the  starting  coils  much 
greater  than  that  of  the  running  coils,  and  that  it  is  not  necessary  to 
aim  at  the  production  of  a  uniform  rotating  field  at  starting.  Mr. 
Heyland  arrived  at  this  result  in  quite  a  different  manner,  his  method 
being  not  nearly  so  simple  as  that  of  Mr.  Field,  but  it  is  curious  that  this 
important  point  should  have  been  missed  by  every  other  designer  of 
single-phase  motors.  Mr.  Heyland  saw  some  years  ago  that  the  idea  of 
two  equal  fluxes  at  starting  was  fundamentally  wrong,  because  the 
current  in  the  starting  coils  of  the  single-phase  motor  cannot  be  made 
by  any  known  means  to  have  a  lag  of  anything  like  90°  (as  with  the 
second  phase  of  a  two-phase  motor),  and  he  proved  that  by  allowing  the 
starting  flux  to  be  stronger  than  the  flux  of  the  running  coils  by  a 
definite  amount,  it  is  possible  to  imitate  the  starting  conditions  of  a  two- 
phase  motor,  which  is,  as  Mr.  Field  says,  a  radically  new  departure  in 
single-phase  motor  design.  The  result  has  been  that  the  Heyland 
motors  are  far  and  away  ahead  of  any  other  single-phase  motor  with 
regard  to  the  value  of  starting  torque  obtained  with  a  given  current 
consumption.  Mr.  Field's  remarks  on  the  Heyland  speed  changing 
device  arc  perfectly  correct,  and  may  serve  to  make  that  portion  of  the 
paper  referred  to  somewhat  clearer. 

Mr.  Langdon  Davies  asks  for  my  reasons  for  stating  that  single*phase 
motors  above  y^  B.H.P.  should  be  furnished  with  slip-rings.  My  own 
experience  in  this  matter  has  led  me  to  this  conclusion  chiefly  on  account 
of  the  better  starting  and  greater  overload  capacity  (particularly  the 
former)  brought  about  by  the  employment  of  wound  rotors  and  a  non- 
inductive  resistance.  I  have  found  that  with  a  given  single-phase  stator 
_  winding,  a  wound  rotor  used  in  conjunction  with  a  non-inductive 
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resistance  will  start  and  run  up  to  speed  with  12-20  per  cent.  less  current  g^raii 
than  any  pattern  of  permanently  short-circuited  rotor,  and,  moreover, 
owing  to  the  better  distribution  of  current  in  the  bars  of  a  wound  rotor 
compared  with  that  in  the  bars  of  a  rotor  of  the  squirrel-cage  type,  the 
overload  capacity  is  considerably  greater.  Again,  a  rotor  with  a 
permanently  short-circuited  winding  is  far  more  likely  to  have  dead 
points  at  starting  when  used  in  a  single-phase  motor,  which  is  perhaps 
the  reason  why  the  current  consumption  is  greater.  Slip-rings  (normally 
short-circuited)  give  so  little  trouble,  and  cost  so  little,  that  I  certainly 
think  wound  rotors  are  preferable.  I  may  mention  in  this  connection 
that  the  Heyland  motors  have  wound  rotors  and  slip-rings  in  all  sizes, 
that  is,  from  i-ioo  B.H.P. ;  and,  also  in  reply  to  a  question  of  Mr. 
Langdon-Davies,  it  has  been  found  with  these  motors  for  40,  50,  and 
60  cycles,  that  running  up  to  speed  without  load,  the  starting  current  is 
4  of  the  full-load  current  when  wound  rotors  are  used,  and  at  least  equal 
to  the  full-load  current  when  the  most  carefully  designed  short-circuited 
rotors  are  used.  In  reply  to  the  other  remarks  made  by  this  speaker,  I 
would  say  that  the  phase  difference  of  40-50  degrees  for  the  flux  of  the 
starting  coils  is  caused  by  the  great  magnetic  leakage  this  flux  has,  com- 
pared with  the  flux  produced  by  the  running  coils.  The  large  magnetic 
flux  of  the  starting  coils  (caused  by  the  large  current  in  this  winding  of 
few  turns)  mostly  leaks  along  a  definite  path,  and  this  leakage  produces 
the  above-mentioned  phase  difference.  At  starting  there  is  very  little 
rotary  field,  the  field  of  the  motor  being  more  of  the  nature  of  a  purely 
oscillating  field,  and  the  result  is  exactly  as  shown  by  the  paper  and  by 
Mr,  Field. 

In  reply  to  Mr.  W.  G.  Rhodes  on  the  question  of  the  action  of  the 
Heyland  motor,  and  also  to  Professor  Carus-Wilson's  remarks  as  to  this, 
I  am  aware  that  the  explanation  given  in  the  paper  is,  to  a  certain 
extent,  incomplete,  but  it  had  to  be  curtailed  as  the  paper  was  getting 
unduly  long.  I  am  sure,  however,  that  the  ideas  of  most  of  those 
present  to-night  will  be  fairly  clear  on  this  subject,  after  having  heard 
the  remarks  made  by  different  speakers.  The  action  of  all  single-phase 
motors  and  their  starting  devices  can  be  looked  at  from  several  totally 
different  points  of  view,  and  most  of  those  who  have  gone  at  all  deeply 
into  the  subject  get  perfectly  clear  ideas  about  it,  which  may  be,  and 
generally  are,  very  difficult  to  put  on  paper  in  a  few  words. 

Mr.  Rhodes  thinks  that  the  values  for  the  flux-densities  given  by 
me  for  induction  motors  aie  somewhat  high.  I  put  it  forward,  how- 
ever—I think  for  the  first  time — that  in  order  to  get  large  overload 
capacity  with  induction  motors,  and  particularly  witlt  single-phase 
motors,  the  flux-densities  in  the  iron  parts,  particularly  in  the  stator 
cores  and  teeth,  should  be  carried  to  a  very  high  value  ;  the  increased 
iron  losses  can  be  counterbalanced  by  allowing  for  smaller  copper 
losses,  but,  as  a  matter  of  fact,  the  increase  in  the  iron  loss  by  forcing 
the  material  in  this  way  (and  using  less  of  it),  is  not  very  much,  at  any 
rate  not  enough  to  affect  seriously  the  efficiency  at  light  loads.  In  my 
opinion  the  two  most  important  points  in  the  design  of  induction 
motors  are  the  selection  of  the  flux-densities,  and  the  shape  of  the  stator 
and  rotor  teeth,  and  it  is  more  important  to  design  the  teeth  properly 
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have  found  by  actual  test  on  many  single  and  polyphase  induction 
motors  of  various  sizes,  that  very  much  better  results  are  obtained  when 
the  flux-densities  in  the  teeth  and  cores  are  forced  than  when  they  are 
not,  and  you  will  notice  in  the  motors  shown  to-night  that  tliere  is 
wonderfully  little  magnetic  iron  in  them.  With  these  motors,  the 
overload  capacity  is  50  to  60  per  cent,  with  constant  pressure  at 
the  stator  terminals,  and  I  think  that  those  present  who  are  used  to 
single-phase  motors  of  other  types  will  agree  that  this  large  overload 
capacity  is  much  more  than  they  have  been  accustomed  to,  and  that  it 
is  good  enough.  On  the  other  hand,  you  may  think  that  if  this  question 
of  flux-density  is  really  so  very  important,  why  do  I  not  keep  it  to 
myself.  My  reply  to  this  is  that  the  fact  of  having  the  right  flux-density 
in  the  iron  docs  not  necessarily  mean  that  the  motor  will  be  good ;  a 
very  great  deal  depends  upon  the  arrangement  of  the  iron  parts,  upon 
the  proportioning  of  the  teeth,  etc.,  and  regarding  these  things  every 
designer  has  to  make  his  own  experience. 

I  am  greatly  interested  to  hear  about  Mr.  Rhodes'  recent  work  in 
single-phase  motors,  and  look  forward  to  seeing  his  motor  on  the 
market  in  due  course.  If  this  motor  will  really  start  with  full-load 
torque,  with  a  current  not  exceeding  the  full-load  current,  as  indicated, 
and  if  this  result  is  attained  without  excessive  complication  and  cost, 
then  the  Rhodes  motor  will  certainly  be  a  very  formidable  rival  to  the 
Heyland  motor,  as  this  latter  stands  at  present.  But  I  may  say  that 
Mr.  Heyland  is  continually  making  improvements,  and  even  better 
results  will  be  obtained  in  the  immediate  future. 

Professor  Ernest  Wilson's  curves  are  instructive,  and  with  regard  to 
them  I  would  remark  that  in  my  opinion  the  curves  B  and  E  best 
represent  good  modern  practice  in  polyphase  motor  building,  and  that 
the  motors  represented  by  curves  D  and  C  arc  unduly  heavy  for  their 
output  and  speed.  It  is  interesting  to  note  from  the  curves  that  the 
Hne  of  direct-current  motors  whose  weights  have  been  plotted  arc 
heavier  than  the  single-phase  motors  represented  by  the  curve 
marked  A. 

I  have  already  partly  replied  to  Professor  Carus- Wilson,  and  with 
regard  to  his  remarks  on  the  power-factor  of  induction  motors  I 
thoroughly  agree.  Most  designers  of  these  motors  are  constantly 
striving  to  improve  the  power-factor,  especially  at  light  loads,  and  in 
this  connection  it  would  certainly  appear  that  Mr.  Steinmetz  has  met 
with  considerable  success — ^at  any  rate  in  the  testing  room.  Whether 
his  method  of  shunting  the  windings  by  a  condenser,  which,  by  the 
way,  is  quite  old,  will  ever  prove  of  use  commercially  is  open  to  question, 
as  in  my  opinion  a  commercial  way  of  building  a  condenser  for  con- 
tinuous service  has  yet  to  be  found. 

Mr.  Esson's  criticism  regarding  the  building-up  of  our  stator  cores 
has  been  already  met ;  and  regarding  his  remarks  on  the  tooling  of 
cores,  while  admitting  that  the  difiiculty  of  tooling  stampings  with  open 
slots  is  a  very  real  one,  especially  for  the  case  of  small  motors,  I  must 
say  that,  in  my  opinion,  it  can  be  got  over.  Several  Continental  firms 
using  this  form  of  stamping  invariably  tool  the  stators  in  ail  sizes, 
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without  burring  the  teeth,  the  only  disadvantage  being,  as  pointed  out   Mr. 
in  the  paper,  a  considerable  increase  in  the  iron  loss. 

I  agree  with  Mr.  Esson's  remarks  on  the  subject  of  using  former 
wound  coils  for  stators  and  rotors,  when  the  motors  in  question  have 
to  be  shipped  to  places  where  skilled  winders  are  at  a  premium,  but  for 
ordinary  work  I  consider  the  employment  of  straight  slots  and  former 
wound  coils  a  mistake.  You  have  to  balance  ease  of  repair  and  saving 
of  labour  in  winding  against  a  large  magnetising  current  and  diminished 
power-factor,  especially  at  light  loads,  to  say  nothing  of  inferior 
starting,  and  in  the  great  majority  of  cases  the  latter  disadvantages 
outweigh  the  advantages. 

With  reference  to  Mr.  Esson's  remarks  on  the  subject  of  per- 
manently short-circuited  rotors,  I  can  only  repeat  what  is  stated  in  the 
paper  on  this  point,  and  what  I  have  already  stated  in  reply  to  Mr. 
Langdon-Davies.  At  the  same  time,  I  cannot  agree  with  Mr.  Esson's 
statement  that  the  use  of  wound  rotors  lowers  the  power-factor,  and 
that  such  rotors  require  about  four  times  as  much  copper  as  squirrel- 
cage  rotors.  The  former  is  directly  contrary  to  my  experience,  while 
the  latter  statement  requires,  I  think,  considerable  qualification.  With 
large  induction  motors,  whose  rotors  are  wound  with  a  three-phase 
cylinder  winding,  the  extra  copper  required  is,  at  the  outside,  50  per  cent. 

I  am  in  complete  disagreement  with  Mr.  Esson's  remarks  on  the 
subject  of  maker's  guarantees,  and  regarding  what  he  states  to  be  the 
latest  and  best  Continental  practice  in  induction  motor  performance. 
Although  I  am  perfectly  aware  that  the  guarantees  given  by  certain 
firms  are  absolutely  worthless,  I  am  equally  aware  that  those  given  by 
others  are  well  on  the  right  side.  The  figures  given  in  my  paper  are, 
as  stated,  the  average  of  the  guaranteed  figures  of  five  well-known 
houses,  one  Swiss,  two  German,  one  American,  and  one  Belgian,  and 
the  work  of  three  of  these  firms  is  intimately  known  to  me.  Not  only 
do  I  consider  the  figures  in  the  paper  perfectly  reliable,  but  I  maintain, 
and  am  prepared  to  prove,  that  better  figures  are  obtained  every  day  in 
ordinary  work.  Regarding  the  figures  Mr.  Esson  puts  forward  for  the 
power-factor  of  50-cycle  two-phase  motors,  as  representing  the  latest 
and  best  Continental  practice,  I  may  say  that  I  consider  the  figures 
quoted  as  being  distinctly  bad  ;  I  should  certainly  reject  any  loo-B.H.P. 
50-cycle  polyphase  motor  having  a  power-factor  of  80  per  cent,  at  full 
load.  I  may,  perhaps,  be  allowed  to  say  in  this  connection  that  I  have 
recently  put  down  two  loo-B.H.P.  two-phase  motors  in  this  country, 
which  have  a  power-factor  of  91  per  cent,  at  full  load ;  with  these 
motors  90  per  cent,  was  guaranteed,  and  88  per  cent,  would  have  been 
guaianteed  under  penalty.  So  it  would  appear  that  Mr.  Esson  has 
been  somewhat  unfortunate  in  his  selection  of  a  manufacturer. 

Regarding  Mr.  Esson^s  final  remark  on  the  subject  of  condensers,  I 
can  only  say  that  I  believe  all  condensers  have  been  complete  failures 
up  to  the  present,  when  they  have  been  used  for  continuous  work*  The 
great  difficulty  is  with  the  heating,  and  consequent  rapid  deterioration 
of  the  dielectric,  while  they  are  bulky,  heavy,  and  therefore  expensive. 
On  the  other  hand,  liquid  condensers  give  quite  good  results  when  used 
intermittently,  such  as  for  starting  single-phase  motors,  but  they,  in 
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common  with  other  types,  are  mimechanical,  and  consequently  objec- 
tionable. Such  liquid  condensers  quickly  go  to  pieces  if  continuoiu>ly 
in  circuit ;  moreover,  their  capacity  alters  in  an  extraordinary  way  ab 
they  heat  up. 

I  could  say  a  great  deal  in  reply  to  Mr.  Addenbrooke,  but  will  ask 
him  to  allow  me  to  reply  to  his  first  remarks  only,  as  the  discussion  of 
the  relative  merits  of  single-phase  and  polyphase  hardly  falls  within  the 
scope  of  the  present  paper.  Mr.  Addenbrooke  asks  me  to  split  up  the 
no-load  current  of  an  induction  motor  into  its  components,  indicating 
the  relative  values  of  the  two  factors.  I  may  say  that  for  xnobt 
well-designed  polyphase  motors  of  medium  and  large  size,  the  watt 
component  of  the  no-load  current  is  somewhere  about  lo  per  cent,  of 
the  wattless  component.  Thus,  referring  to  the  left-hand  diagram 
in  Fig.  C  (the  triangle),  Cw,  the  watt  current  required  for  friction, 
ventilation,  hysteresis,  eddy  currents,  and  the  small  no-load  copper  loss, 
is  10-15  per  cent,  of  Cmi  the  wattless  magnetising  current  of  the  motor. 


The  resultant  of  Cw  and  Cm,  namely,  Co,  is  the  no-load  current  of  the 
motor,  and  this  quantity  is,  as  stated  in  the  paper,  20  to  30  per  cent,  of 
the  full-load  current. 

As  Mr.  Addenbrooke  says,  knowing  the  magnetising  current  of  an 
induction  motor  (practically  the  no-load  current),  it  is  possible  to  pre- 
determine the  power-factor  for  any  load.  Fig.  C  illustrates  an  easy, 
graphical  way  of  doing  this,  the  diagram  being  constructed  -  ai» 
follows  : — 

Let  7',  represent  the  stator  leakage  factor — ^that  is,  it  is  the  ratio  of 
the  total  magnetic  flux  produced  by  the  stator  ampere-turns  to  the  flux 
that  actually  enters  the  rotor  and  cuts  the  winding  when  Uie  latter  is 
open.  Similarly  let  rg  be  the  rotor  leakage  flux — that  is,  the  ratio  of  the 
total  flux  produced  by  the  rotor  ampere-turns  to  the  flux  actually 
entering  the  stator,  and  cutting  its  windings  when  these  are  on  open 

circuit.    Then  write  magnetic  constant  of  the  motor  =  M= - 

f ',  1 3  —  I 

Vi  and  V,  can  be  calculated,  but  are  better  found  by  a  simple  expcri- 
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ment.     Their  value  lies  between   i*02  and   ro7  for  most  makes  of   ^'-    „ 

'  Eborall. 

motor. 

Referring  now  to  Fig.  C  (which  -is  the  elementary  diagram  of  the 
polyphase  induction  motor)  set  off  the  line  O  E  to  represent  the  f)hase 
of  the  applied  E.M.F.  per  phase  of  the  stator,  draw  the  line  O  D  at 
right  angles  to  it  and  set  off  along  O  D  the  magnetising  current  to 
scale,  namely,  O  C.  Now  multiply  this  value  of  O  C  by  the  above 
constant  M,  and  make  C  D  equal  to  the  value  so  found,  the  scale  being 
of  course  the  same  as  that  of  O  C.  Upon  C  D  describe  the  semicircle 
C  P  D.  Then  all  such  lines  as  O  P  (that  is,  any  point  along  the  semi- 
circle joined  to  point  O)  represent  the  stator  current  per  phase  in 
magnitude  and  phase,  and  all  such  lines  as  C  P  are  proportional  to  the 
rotor  current.  The  corresponding  power-factor  of  the  motor  is  given 
by  the  cosine  of  the  angle  <f>. 

It  will  be  seen  that  the  maximum  value  of  the  power-factor  occurs 
when  the  line  O  P  is  a  tangent  to  the  semicircle,  as  shown.  For  smaller 
and  greater  loads  than  corresponds  to  the  value  of  stator  current  in 
question  (O  P),  the  power-factor  diminishes,  because  the  angle  ^ 
increases  as  the  point  P  moves  lower  down  or  higher  up  the  semi- 
circle. The  diagram  clearly  shows*  the  effect  of  the  magnetising 
current  upon  the  power-factor  of  the  motor,  and  also  the  effect  of 
faulty  design  with  regard  to  magnetic  leakage. 

With  reference  to  Mr.  Thomas's  remarks,  I  think  it  would  have 
been  of  interest  had  he  told  the  meeting  exactly  what  advantages  are 
gained  by  building  induction  motors  of  large  size  with  squirrel-cage 
rotors.  Although  I  think  with  him  that  it  is  not  possible  to  make  hard 
and  fast  rules  with  regard  to  these  things,  particularly  with  regard  to 
the  relative  merits  of  direct-current  and  polyphase  working,  still  I  think 
that  after  considerable  experience  with  different  conditions  it  is  quite 
allowable  to  form  and  put  forward  an  opinion.  For  instance,  experience 
has  conclusively  proved  that  electric  generators  of  any  size  should  be 
difect  driven,  but  it  was  not  so  many  years  ago  that  there  was  a  very 
considerable  amount  of  discussion  on  this  point,  and  the  early  advocates 
of  direct  driving  have  now  proved  to  be  right.  Regarding  the  point 
in  question,  it  is  clear  to  me  that  squirrel-cage  rotors  are  inferior  to 
wound  rotors  for  all  cases  except  those  mentioned  in  the  paper,  and 
I  am  confident  that  American  constructors  will  come  into  line  with 
those  of  the  Continent  before  very  long  in  this  respect.  It  certainly 
seems  to  me  that  the  apparent  simplicity  of  the  squirrel-cage  con- 
struction (or  its  modifications)  and  the  resulting  advantages  have  been 
greatly  overrated.  There  is  an  example  of  this  at  the  Paris  Exhibition, 
where  an  8oo-h.p.  induction  motor  with  permanently  short-circuited 
rotor  is  being  installed  by  one  of  the  great  American  firms.  This 
motor  has  to  be  run  up  to  speed  by  a  direct-current  motor — a  state 
of  affairs  bordering  on  the  ridiculous. 

Mr.  Thomas's  figures  relating  to  the  performance  of  induction 
motors  confirm  those  I  have  given  in  the  paper,  which,  being 
guaranteed  figures,  of  course  are  well  on  the  safe  side,  as  Mr. 
Thomas  surmised.  I  would  like  to  draw  Mr.  Esson's  attention  to 
the  figures  for  these  American  motors,  as  they  fully  confirm  what 
I  have  already  said  when  replying  to  him. 
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Eboraii  [Added,  July  12,  1900.]     When  replying  to  the  discussion  on  the 

paper  I  unintentionally  omitted  to  reply  to  Mr.  Ferranti,  and  therefore 
take  this  opportunity  of  doing  so.  I  think  if  Mr.  Ferranti  were  to 
recoiisider  his  first  remark,  he  would  come  to  the  conclusion  that  it  is 
hardly  fair.  First,  the  paper  does  not  deal  exclusively  with  single- 
phase  motors,  quite  half  being  devoted  to  polyphase  motors ;  and 
secondly,  I  distinctly  state  that  the  part  relating  to  single-phase  motor 
work  is  put  forward  simply  as  being  of  technical  interest.  Many  men, 
including  rnyself,  have  to  take  up  the  question  of  single-phase  motors 
and  single-phase  systems,  not  because  of  any  belief  in  their  present  or 
future  possibilities,  but  because  it  is  necessary  to  do  so  ;  but  at  the 
same  time,  this  does  not  prevent  the  subject  from  being  technically 
interesting  both  to  them  and  to  others. 

Mr.  Ferranti's  opinions  on  single-phase  working  are  well  known, 
and  they  are  of  the  greatest  value,  because  Mr.  Ferranti  has  proved 
to  be  right  on  some  of  the  most  important  points  connected  with 
alternating-current  work  many  times  before.  At  the  same  time,  he 
docs  not  give  any  reasons  for  his  belief,  and  does  not  attempt  to 
justify  it  in  any  way.  But  even  with  Mr.  Ferranti's  powerful  cham- 
pionship of  single-phase  working,  it  is  very  difficult  for  those  who  have 
worked  with  single  and  polyphase  systems  to  believe  there  is  any 
advantage  whatever  in  the  former.  Even  in  this  country,  many  of  the 
large  single-phase  systems  are  being  converted  into  direct-current  or 
polyphase  systems,  and  all  the  most  recent  work  of  any  magnitude 
is  being  carried  out  with  either  polyphase  current,  or  a  combination  of 
this  and  direct  current.  My  own  opinion  is  that,  as  things  are  at  present, 
continuous-current  working  is  far  preferable  to  any  other  for  all  large 
lighting  schemes  ;  and  where  it  cannot  be  employed  directly,  it  should 
be  used,  where  possible,  in  conjunction  with  three-phase  transmis- 
sions ;  or  failing  this,  three-phase  systems  should  be  used  throughout. 
For  power  work  pure  and  simple,  nothing  can  beat  three-phase 
working,  while  for  both  lighting  and  power  work,  I  am  firmly  con- 
vinced that  the  double- current  generator  (in  combination  with  motor- 
generator  sub-stations)  has  a  great  future— that  is,  a  special  combination 
of  the  direct-current  and  three-phase  systems. 

The  President  announced  that  the  scrutineers  reported  the  following 
candidates  to  have  been  duly  elected  : — 

Associale  'Members : 
Herbert  H.  Denton.  |      Victor  Alessandro  Mundella. 

William  Tatlow. 

Associates  : 
James  Hirst.  I      Bernard  Pontet. 

Thomas  Frederick  Johnstone.       I      George  William  Somerville. 
Joseph  Taylor. 

Siudeiif : 
_^  Campbell  Macmillan. 
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The  Twenty-Eighth  Annual  General  Meeting  of  the  Institu- 
tiQn  was  held  at  the  Society  of  Arts,  John  Street,  Adelphi, 
on  Thursday  evening,  May  24th,  1900  —  Professor 
SiLVANUS  P.  Thompson,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
May  17th  were  read  and  approved. 

The   names   of    new  candidates   for   election    into  the 
Institution  were  announced. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council,  viz.  : — 

From     the    class   of    Associate    Members    to    that    of 
Members — 

Vernon  Lindop. 

From    the    class    of   Associates    to    that    of   Associate 
Members — 


John  Shaw  Barnes. 
Arthur  Brunei  Chatwood. 


E.  8.  Curtis. 

William  V^'^vyan  Molcsworth  Popham. 


From  the  class  of  Students  to  that  of  Associates — 

Edward  H.  W.  Partridge.       |       W.  G.  Royal-Dawson. 
Ernest  Vanderpoel  Young. 

From  the  class  of  Members  of  the  Northern  Society  of 
Electrical  Engineers  to  that  of  Associate  Members  of  the 
Institution  of  Electrical  Engineers — 

Walter  Leake.  |        T.  Rowe. 

R.  Taylor. 

Messrs.  Leslie  Dixon  and  H.  M.  Sayers  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 

Donations  to  the  Library  were  announced  as  having 
been  received  since  the  last  meeting  from  Messrs.  Macmillan 
&  Co.,  and  to  the  Benevolent  Fnnd  from  The  British 
Westinghouse  Electric  and  Manufacturing  Company,  Messrs. 
W.  F.  Dennis  &  Co.,  Messrs.  F'elten  &  Guilleaume,  Messrs. 
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Creese  &  Sons,  Messrs.  R.  Braham  &  Co.,  Mr.  F.  Trauffler, 
Messrs.  Dugard  Bros.,  Mr.  C.  Taylor,  Messrs.  W.  Canning 
&  Co.,  and  Messrs.  Emery  Bros.,  to  all  of  whom,  on  the 
motion  of  the  President,  a  vote  of  thanks  was  unanimously 
accorded. 

The  President  :  I  am  asked  to  announce  that  the 
Council  has  approved  rules  for  the  guidance  of  local  sections. 
It  is  not  necessary  that  they  should  be  read  now;  they  will 
be  printed  in  the  Journal  in  the  usual  course.  They  mostly 
concern  our  members  who  are  not  resident  in  I-X)ndon,  and 
who  are  attached  to  one  or  other  of  the  local  sections. 

I  have  also  to  announce  that  the  Council,  having 
appointed  a  Museum  Committee  some  time  ago,  has  decided 
to  send  a  circular  out  shortly  to  our  members,  and  to  other 
persons  having  connection  with  the  electrical  industry  and 
with  electrical  science,  informing  them  that  we  are  making 
— we  have,  in  fact,  bean  making  for  some  years — ^an  historical 
collection  of  electrical  apparatus.  We  have  already  in  our 
possession — unfortunately,  for  want  of  room,  not  displayed 
as  we  should  like  to  display  it — a  large  number  of  interesting 
specimens  of  early  forms  of  apparatus,  submarine  cable, 
telegraphic  apparatus,  and  appliances  of  various  kinds. 
Our  desire  is  that  that  historical  collection  shall  be  enlarged 
and  completed,  and  that  we  shall  be  able  to  secure,  before  it 
is  too  late,  specimens  which  are  known  to  exist  in  the 
possession  of  private  persons,  and  which  we  fear,  if  they 
were  lost  sight  of,  might  be  lost  altogether  to  future  genera- 
tions. We  are  aware  that  some  of  these  private  possessors 
of  objects  of  historic  interest  do  not  wish  to  part  with  them. 
Our  circular  will  invite  the  owners  of  such  properties  to  give 
us  information  as  to  what  they  are  and  where  they  are.  But 
there  are  no  doubt  a  number  of  persons  owning  interesting 
apparatus  of  this  kind  who  would  be  very  glad  to  hand  over 
historic  pieces  of  apparatus  if  they  knew  that  there  was  a 
body  such  as  ours  desirous  of  giving  them  custody,  and 
taking  care  of  them,  and  cherishing  them,  and  making  use 
of  them  as  exhibits.  We  hope  very  shortly  to  be  able  to 
announce  to  the  Institution  the  arrangements  which  are  in 
progress  for  the  due  custody  and  proper  exhibition  of  the 
things  which  we  already  have,  and  the  things  which  we 
propose  to  obtain  either  on  loan  or  as  permanent  acquisitions 
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for  our  museum.  Our  Museum  Committee  has  drawn  up  a 
circular  which  will  be  shortly  be  issued.  We  wish  to  make 
this  announcement  to-night  in  order  that  it  may  go  into  our 
Journal  and  into  the  technical  press.  We  are  undertaking 
this  work,  we  have  got  it  seriously  in  hand,  and  we  hope 
during  the  coming  twelve  months  it  may  be  made  a  feature 
of  our  Institution. 

I  have  received  a  letter  from  M.  Mascart.  He,  as  you 
are  aware,  has  been  elected  a  Vice-President  of  this  Institu- 
tion, and  he  has  addressed  to  me  the  following  letter,  in 
which  he  returns  thanks  for  election  as  Vice-President: — 

''Paris,  le  i8  mai,  1900. 
"  Monsieur  le  President  et  cher  collegue, 

"M.  le  Secretaire  de  I'Institution  of  Electrical  Engineers 
vient  de  m'informer  que  laSoci6t6  a  bien  voulu  approuver  la 
proposition  du  Conseil  et  confirmer  ma  nomination  comme 
Vice-President.  Je  suis  trfes  flatt6  de  cette  distinction 
exceptionelle  et  je  vous  prie  de  vouloir  bien  transmettre  mes 
plus  vifs  remerciments  au  Conseil  de  I'Institution.  Je  ne  me 
fais  pas  I'illusion  de  penser  que  mes  m6rites  61ectriques  ont 
suffi  pour  justifier  une  telle  nomination ;  je  la  considfere 
plutot  comme  un  t^moignage  d'amiti6,  ou  vous  avez  eu  la 
plus  grande  part,  et  j'y  suis  d'autant  plus  sensible  a  ce  titre. 

"  Recevez,  mon  cher  collegue,  Tassurance  de  mes  senti- 
ments bien  devoues, 

"  (Signed)  E.  Mascart. 
"  M.  Silvanus  Thompson." 

The  Secretary  read  the  Annual  Report  of  the  Council 
as  follows  : — 

REPORT  OF  THE  COUNCIL   TO    THE    ANNUAL  GENERAL 
meeting,   may   24TH,   1900. 

IXCORPORATIOX   OF  THE   NORTHERN   SOCIETY  OF   ELECTRICAL 
EXGIXEERS  WITH   THE   INSTITUTION'. 

It  is  with  great  satisfaction  that  the  Council  reports  that,  in  the 
early  part  of  the  period  under  review,  the  Institution  was  approached 
hy  the  Northern  Society  of  Electrical  Engineers  with  a  view  to  the 
incorporation  of  that  Society  in  the  Institution,  and  that  as  the  result  of 
the  ensuing  conferences  and  negotiations  the  incorporation  has  since 
heen  effected  in  accordance  with  No.  67  of  the  Articles  of  Associatipn. 
The  Council  has  agreed  to  remit  the  Entrance-fees  of  members  of  the 
Northern  Society  now  admitted  to  membership  of  the  Institution  in 


Digitized  by  LjOOQ  IC 


860  REPORT  OF  THE   COUNCIL.  [>fay  24th, 

consideration  of  the  undertaking  of  the  Society  to  transfer  to  the 
Institution  the  cash  balance  standing  to  the  credit  of  the  Society  when 
its  Accounts  are  closed.  It  is  confidently  hoped  that  the  union  will 
prove  to  be  of  great  benefit  to  the  members  of  each  of  the  societies. 

Local  Sections. 
The  Council  has  also  the  pleasure  of  reporting  that  members  and 
others  resident  in  several  centres  of  the  Electrical  Industry  in  the 
United  Kingdom  have  applied,  under  Articles  numbered  65  and  66  of 
the  new  Articles  of  Association,  for  the  creation  of  Local  Sections  of 
the  Institution  in  their  respective  districts,  and  that,  in  consequence  of 
these  petitions,  active  Local  Sections  are  now  in  operation  in  Dublin. 
Glasgow,  the  Manchester  District,  and  Newcastle,  the  Manchester 
Section  having  taken  the  place  of  the  late  Northern  Society  of  Electrical 
Engineers  now  incorporated  in  this  Institution.  A  Local  Section  has 
also  been  created  in  Cape  Town.  General  rules  and  regulations  for  the 
management  of  Local  Sections  at  home  and  abroad  have  been  drawn 
up,  and  the  organisation  of  the  Sections  has  already  assumed  a  definite 
form.  The  Council  congratulates  the  Institution  on  the  initial  success 
of  a  movement  which  promises  not  only  to  make  the  Institution  more 
directly  useful  to  its  provincial  and  foreign  members,  but  also  to 
strengthen  the  Institution  itself  by  rendering  it  more  truly  representa- 
tive of  the  profession  of  Electrical  Engineering  as  a  whole,  and  of  the 
interests  of  the  British  Electrical  Industry  at  large. 

Elections  and  Transfers. 

The  Council  has  the  pleasure  to  report  that  during  the  twelvemonth 
ending  May  24th,  1900,  acting  in  accordance  with  Article  17  of  the 
Articles  of  Association,  it  has  elected  Mr.  Joseph  Wilson  Swan,  F.R.S., 
the  last  Past- President  of  the  Institution,  an  Honorary  Member. 

Notwithstanding  the  increased  severity  of  the  rules  relating  to 
the  qualifications  for  membership,  and  the  strictness  with  which  those 
rules  are  enforced,  the  total  of  the  additions  to  the  register  by  election 
at  Ordinary  General  Meetings  during  the  same  period  has  been  401. 
This  number  is  much  above  the  average,  and  is  made  up  as  follows  : — 
25  Members,  88  Associate  Members,  3  Foreign  Members,  152  Associates, 
and  133  Students.  Adding  to  these  the  Honorary  Members  and  the 
new  Members  transferred  from  the  Northern  Society  of  Electrical 
Engineers  at  the  time  of  incorporation,  the  total  is  471,  comprising 
I  Honorary  Member,  53  Members,  113  Associate  Members,  168 
Associates,  133  Students,  and  3  Foreign  Members.  Nineteen  Candi- 
dates have  also  been  approved  for  ballot  to-night.' 

Six  Associate  Members,  i  Foreign  Member,  and  12  Associates  have 
been  transferred  to  the  class  of  Members,  whilst  85  Associates  have, 
been  transferred  to  the  class  of  Associate  Members,  and  33  Students  to 
that  of  Associates. 

«  As  these  candidates  were  all  duly  elected,  the  numbers  representing 
additions  to  the  register  since  the  Annual  General  Meeting  in  1899  were, 
at  the  end  of  the  meeting,  «'is  follows  :  Honorary  Member,  1 ;  Members, 
57;  Associate  Members,  116;  Associates,  178;  Students,  135;  and  Foreign 
Members,  3. 
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Deaths  and  Resignations. 

The  Institution  has  to  mourn  the  loss  by  death  of  i  Past-President, 
Professor  David  E.  Hughes;  () Members,  Mark  Bevan,  T.  Buckney,  J.D. 
Doyle,  P.  B.  Elwell,  L.  Epstein,  Frank  King,  Joseph  B.  Morgan, 
Benjamin  Smith,  and  Frederic  Wyles ;  and  8  Associates,  J.  Chapman, 
H.  J.  Clipperton,  H.  T.  Constable,  M.  Cooper,  W.  B.  Edgar,  J.  J.  Tough, 
W.  C.  Smythe,  and  L.  G.  Willmott. 

3  Members,  2  Associate  Members,  i  Foreign  Member,  23  Associates, 
and  5  Students  have  resigned  since  the  date  of  the  last  report. 

Papers. 
In  addition  to  the  inaugural  address  of  the  President,  the  following 
papers  have  been  read  and  their  publication  in  the  Journal  ordered  : — 

At  Ordinary  General  Meetings. 
Date. 

1899.                                      Title.  Author. 

Nov.  23.—"  The  Cost  of  Steam  Raising; " JOHK  Holliday. 

"Influence   of  Cheap   Fuel   on  the   Cost   of  R.     E.    Cromptox,    Past- 
Electrical  Enerfiy "        President. 

Dec.  14.— "Electrical  Time  Service  " F.  HOPE-JOXES. 

I  goo. 
Jan.    II. — "Report  of   Swiss   Visit  Committee   on  the 
Visit  of  the  Institution  to  Switzerland." 
„       25.—"  An  Electrolj-tic  Centrifugal  Process  for  the  S.    C0WPER-C0LES»  Mem- 
Production  of  Copper  Tubes  " ber. 

Feb.    8.—"  The  Standardisation  of  Electrical  Engineer-  R.  PERCY   Sellok,  Mem- 

ing  Plant "      ber. 

Mar.  8.—"  On  the  Applications  of  Electricity  in  Medical  H.    LEWIS    JOKES,    M.D., 

and  Surgical  Practice "        Ass-ociate. 

,.    22.—"  Storage  Battery  Problems " E.J.  Wade,  Associate. 

April  5.—"  The  Electrical  Equipment  of  Ships  of  War  "  C.  E.  GROVE,  Member. 

(  Prof.    G.   FORRES,   F.R.S., 

„    26. — "The  Electrical  Transmission  of  Power  "     . .  j  Member 

May    3.—"  The  Calculation  of  Distributing  Systems  of     H.    M.   Sayers,   A.ssociate 
Electric  Traction  under  British  Conditions  "         Member. 

(  S.     EVERSHED,    Associate 
„    10. — "  A  Frictionless  Motor  Meter  " I       Member. 

„    17.—"  Alternating-Current  Induction  Motors  "      . .      A.  C.  ElJORALL,  Associate. 

At  Meetings  0/  Local  Sections, 
Date.       Skctiox.  ^         Title.  Author. 

1900. 
Feb.  16. — Glasgow.         "The  Problem  of  Arc  Lighting 

from  250- Volt  Supply"        . .     W.  B.  Sayers,  Member. 
„     22.— Dublin.  "Inaugural  Address    of    Chair-     Prof.    G.    F.   FITZGERALD, 

man "       Member. 

Mar.23. — Glasgow.        "  Method  of  Charging  for  Public 

Supply  of  Electricity  "        . .      W.  W.  Lackie,  Member. 
Apr. 27. — Glasgow.        "Some  Considerations  concern- 
ing Electric  Driving"  . .     . .      H.  A.  Mavor,  Member. 
May  1 5. — Newcastle.     "Inaugural    Address    of    Chair- 
man "      A.  W.  He.AVISIDE,  Member. 

A  t  an  Extra-ordinary  Meeting  in  Ziirich, 
Sept.  6. — "The  Utilisation  of  the  Schaffhausen  Water 

Power  " A.  Amsler,  Ph.D. 
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The  attendance  at  the  Ordinary  General  Meetings  has  been  well 
maintained.  By  the  kind  hospitality  of  the  two  societies,  the  meetings 
from  November  to  April  have  been  held,  as  in  previous  years,  in  the 
rooms  of  the  Institution  of  Civil  Engineers,  and  two  of  those  in  May  in 
the  Rooms  of  the  Society  of  Arts.  The  Institution  is  now,  further,  in- 
debted to  the  Institution  of  Mechanical  Engineers  for  the  privilege  of 
using  their  new  premises  for  two  extra  meetings  in  May. 

The  Publications  of  the  Institution. 

With  reference  to  the  Journal,  the  only  change  of  note  to  be  recorded 
is  the  alteration  in  the  date  of  the  commencement  of  the  volume, 
which  now  runs  concurrently  with  the  Session.  The  first  number  of 
the  current  volume,  therefore,  contained  the  proceedings  of  the  meet- 
ings in  November  and  December,  1899,  instead  of  those  in  January. 
1900,  as  would  have  been  the  case  under  the  old  system. 

Recognising  the  great  value  of  Science  Abstracts  to  the  Electrical 
Engineer  in  placing  before  him  an  epitome  of  most  of  what  is  valuable 
in  the  current  literature  of  his  subject  throughout  the  world,  the 
Council  has  agreed  with  the  Physical  Society  for  the  continuance  of 
the  publication  under  the  joint  control  of  the  two  societies  for  a  further 
period  of  at  least  three  years,  or  of  so  much  longer  as  may  be  found 
mutually  agreeable.  The  scope  of  the  Abstracts  has  now*  been  enlarged, 
sections  relating  to  Steam  Plant,  Oil-  and  Gas-Engines,  Motor  Cars,  and 
Medical  Electricity  having  been  added,  so  that  the  work  now  appeals 
to  a  larger  circle  of  readers  than  it  has  done  previously,  and  the  grow- 
ing appreciation  in  which  it  is  held  is  indicated  by  a  considerable 
increase  in  the  proceeds  from  sales  to  non-members  of  the  two  societies. 
The  number  of  Abstracts  published  was  increased  from  1,423  in  1898 
to  2,000  in  1899. 

The  publication  of  the  following  papers  in  the  Journal  as  Original 
Communications  has  been  ordered  : — 

In  Part  142.  — "  How  Condenser  and  Choking-Coil  Cur- 
rents Varj'  with  the  Shape  of  the  Wave 
of  the  Applied  E.M.F." A.,  RusSELL.  Member. 

In  Part  144. — "A  Two-Phase  Rotary  Converter  and  a 
Note  on  the  Regulation  of  Rotary  Con- 
verters " E.  Wilson.  Member. 

-..      ..    ^       ,    .     ..       -      «     ..  fC     C.     Hawkixs,     M.A., 

In  Part  144. — "The  Air-Gap  Induction  in  Continuous- J      ,,      . 

Current  Dynamos'        (  R.  W'ightmax.  .Associate. 

In  Part  146.— "Note  on  Air-Gap  and  Interpolar  Indue-  f  F.     W.      Carter,      M.A.. 
tion  " I     Associate. 

In  Part  146 —"  The  Reluctance  of  the  Teeth  in  a  Slotted 

Armature"       W.  B.  Hird,  B.A.,  Member. 

In  Part  146. — "On  the    Absolute    Values    of    Capacity 

Measurements  "       J  Eltox  Youxg,  Member 

Annual  Premiums. 
The  Council  has  awarded  the  following  premiums  for  papers  and 
communications  accepted  during  the  current  year.     No  paper  on  a 
telegraphic  or  telephonic  subject  having  been  read,  the  Fahie  Premium 
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is  not  awarded.  Only  those  that  were  in  type  on  the  loth  of  May 
were  considered  eligible,  papers  accepted  for  publication  after  that 
date  being  reserved  for  consideration  in  awarding  the  premiums 
in  1901  : — 

The  Institution  Premium,  value  £25, 

to  Mr.  Q.  E.  Grove,  Member,  for  his  paper  on  "The  Electrical 
Equipment  of  Ships  of  War." 

The  "Paris  Electrical  Exhibition  Premium,"  value  ;£io, 

to  Mr.  S.  EvERSHED,  Associate  Member,  for  his  paper  on  "A  Frictiox- 
less  Motor  Meter." 

Two  Extra  Premiums,  value  ;£io  each, 

respectively  to  Professor  George  Forbes,  F.R.S.,  Member,  for  his 
paper  "  On  Distant  Electric  Power  Transmission,"  and  to  Mr.  H. 
M.  Sayers,  Associate  Member,  for  his  paper  on  "  The  Calculation  of 
Distributing  Systems  of  Electric  Tr.action,  under  British 
Conditions." 

A  Premium,  value  £5, 

to  Mr.  A.  Russell,  Member,  for  an  **  Original  Communication  "  entitled 
"  How  Condenser  and  Choking-Coil  Currents  Vary  with  the 
Shape  of  the  Wave  of  the  Applied  E.M.F." 

A  Premium,  value  £$, 

to  Messrs.  C.  C.  Hawkins,  Member,  and  R.  Wightman,  Associate,  for 
an  "Original  Communication  "  entitled  " The  Air-Gap  Induction  in 
Continuous-Current  Dynamos." 

The  First  "Students'  Premium,"  value  ;£io, 

to  Mr.  R.  P.  Howgrave-Grah am.  Student,  for  his  paper  on  "Hertz 
Waves  and  Wireless  Telegraphy." 

The  Second  "Students'  Premium,"  value  £St 

to  Mr.  C.  B.  Nixon,  Student,  for  his  paper  on  "  Switch  Gear  for 
THE  GENER.VT10N  of  the  Electric  Current.  " 

The  Third  "Students'  Premium,"  value  £Sy 

to  Mr.  H.  J.  Humphrey^  Student,  for  his  paper  on  "  Permanent 
Magnets." 

Salomons  Scholarship. 
The  Council  has  awarded  a  Salomons  Scholarship,  value  £50,  to 
Mr.  R.  P.  Howgrave-Graham,  of  the  Technical  College,  Finsbury. 
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Students'  Class. 

Twelve  meetings  of  the  Students'  Section  have  been  held  during 
the  Session,  at  ten  of  which  papers  were  read  by  Students,  the  remain- 
ing two  having  been  devoted  to  discussions  on  electrical  subjects. 

Visits  to  the  following  places  were  arranged  for  the  Students  by 
your  Secretary  during  the  year,  and  the  Council  desires  to  express  its 
thanks  to  those  who,  by  opening  their  works  for  the  purposes  of  these 
visits,  have  contributed  much  to  the  usefulness  of  the  section  : 

The  Bankside  Station  of   the  City  of   London   Electric   Lighting 

Company. 
The   Davies  Street  Station  of    the   Westminster    Electric   Supply 

Corporation. 
The  London  United  Tramways. 
The  Waterloo  and  City  Railway. 

The  Works  of  Messrs.  Easton,  Anderson,  and  Goolden. 
„  „        the  Electric  Welding  Company. 

„  „        the  Incandescent  Electric  Lamp  Company. 

„  „        India-Rubber,  Gutta-Percha  and  Telegraph  Works. 

„  „        the  Langdon- Davies  Electric  Motor  Company. 

„  „        Messrs.  Siemens  Bros,  and  Company. 

Annual  Dinner. 

The  Annual  Dinner  was  held  on  the  6th  of  December  in  the  Grand 
Hall  of  the  Hotel  Cecil,  the  attendance  being  practically  the  same  a:> 
in  the  previous  year. 

Annual  Conversazione. 

The  use  of  the  Museum  of  Natural  History  was  again  most 
generously  granted  by  the  Trustees  of  the  British  Museum  for  the 
Conversazione  on  June  15th,  and  the  number  of  guests  present  was 
two  hundred  above  the  number  of  those  who  attended  in  1898. 

Annual  Accounts  and  Financial  Position. 

The  surplus  of  income  over  expenditure  at  the  end  of  1899,  aa 
shown  in  the  Annual  Statement  of  Accounts,  demonstrates  that,  not- 
withstanding the  contribution  in  respect  of  Science  Abstracts  and  the 
increased  expenditure  on  premiums,  the  financial  position  of  the 
Institution  is  thoroughly  sound.  It  should,  however,  be  stated  that  a 
somewhat  larger  proportion  than  usual  of  the  income  for  the  year 
resulted  from  the  payment  of  arrears  of  subscription,  owing  to  the  fact 
that  a  phenomenally  large  number  of  members  was  elected  at  the  end 
of  1898,  and  that  many  of  these  new  members  did  not  pay  their 
entrance  fees  and  subscriptions  until  January,  1899. 

The  sum  of  £^>oo  is.  2d.  was  invested  on  account  of  Life  Composi- 
tions, leaving  on  December  31st  a  balance  of  £^  9s.  4d.,  which  has 
since  been  invested. 

The  estimated  realisable  amount  of  subscriptions  outstanding  on 
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the  31st  of  December,  1899,  was  £450,  and  none  of  this  is  taken  into 
account  in  the  Balance  Sheet  now  presented.  More  than  £200  of  this 
£4S^  h^^  since  been  received. 

The  Telegraph  Jubilee  Fund  and  the  Premium  Fund  have  this 
year,  for  purposes  of  the  Annual  Statement  of  Accounts,  been  merged 
in  the  General  Fund.  In  the  books,  however,  note  is  kept  of  these 
several  amounts. 

Building  Fund. 

The  importance  of  erecting  a  permanent  home  for  the  Institution 
is  recognised  by  the  Council,  and  they  have,  accordingly,  taken  steps  to 
augment  the  Building  Fund.  They  have  transferred  from  the  General 
Fund  the  sum  of  ;£  1,437  los.  gd.,  and  they  have  also  invited  members 
to  make  special  contributions  to  the  Fund.  In  response  to  this  appeal 
;£i3i  IIS.  6d.  was  paid  during  the  two  months  of  1899  which  remained 
after  the  date  of  issue  of  the  circular.  These  sums,  with  the  interest  on 
capital  previously  invested  on  this  account  and  other  payments,  have 
raised  the  amount  standing  to  the  credit  of  the  Fund  on  December  31st, 
1899,  to  £7,044  5s.  I  id.,  as  against  £5,277  os.  6d.  at  the  end  of  1898. 


Wilde  Benevolent  Fund. 

During  the  Session  Mr.  Henry  Wilde,  F.R.S.,  an  Honorary  Member 
of  the  Institution,  generously  offered  to  the  Council  the  sum  of  £1,500 
for  the  purpose  of  founding  a  Wilde  Benevolent  F'und,  to  be  adminis- 
tered in  accordance  with  the  following  extract  from  the  Declaration  of 
Trust  :— 

**  The  annual  income  of  the  trust  fund  shall,  subject  as  hereinafter 
provided,  be  applied  in  such  manner  as  the  said  President  and  Council 
or  Committee  of  Management  shall  from  time  to  time  think  fit  for  the 
benefit  of  members  (exclusive  of  honorary  members,  associate  members, 
foreign  members,  associates  or  students)  for  the  time  being  of  the  In- 
stitution, but  principally  though  not  exclusively  foj-  those  who  by  their 
discoveries,  inventions,  or  writings  shall  have  advanced  the  profession 
of  electrical  engineering,  and  for  the  benefit  of  the  families  of  any  such 
iiKjmbers  and  of  any  such  late  members  being  deceased,  and  for  the 
benefit  of  any  persons  who  may  have  been  such  members  and  paid 
their  subscriptions  for  five  years  consecutively  at  least,  and  of  the 
families  of  such  persons — subject,  however,  in  all  cases  to  the  following 
"  regulations  : — 

"  (a)  The  income  may  in  any  year  be  applied  wholly  for  the  benefit 
of  one  person  or  class  of  persons,  or  may  be  applied  equally 
or  unequally  for  the  benefit  of  two  or  more  persons  or  classes 
of  persons. 

"  (6)  The  total  amount  applied  for  the  benefit  of  any  one  member 
or  late  member  or  his  family  during  one  or  more  years  shall 
not  exceed  one  year's  income  of  the  trust  fund. 
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"  {c)  There  bhall  be  no  obligation  in  any  year  to  apply  the  whole  or 
any  part  of  the  income  of  that  year  for  the  benefit  of  any 
person  or  persons.  Any  income  not  so  applied  may,  if  and  so 
far  as  permitted  by  law,  be  either  retained  as  income  to  be 
added  to  and  applied  as  part  of  the  income  of  any  subsequent 
year  or  years,  or  may  be  invested  and  added  to  the  capital  of 
the  trust  fund." 

This  trust  was  gratefully  accepted  by  the  Council,  and  the  said  sum 
of  ;£  1,500  has  been  received  and  invested,  although,  as  it  \^-as  not  made 
over  until  the  year  1900,  it  does  not  appear  in  the  accompanying  state- 
ment of  accounts.  It  has  been  decided  that,  for  the  present,  the  fund 
shall  be  administered  by  the  Council. 


David  Hughes  Scholarship. 

The  Council  has  the  further  gratification  of  reporting  that  the 
executors  of  their  revered  Past -President,  the  late  Professor  David  E. 
Hughes,  F.R.S.,  have  announced  the  bequest  by  him  to  the  Institution 
of  the  sum  of  ;^2,ooo,  with  the  object  of  founding  a  David  Hughes 
Scholarship,  to  be  awarded  under  conditions  similar  to  those  under 
which  the  Salomons  Scholarship  Fund  is  administered. 

Announcement  of  the  date  of  the  first  award  will  be  made  when  the 
said  amount  shall  have  been  received  by  the  Institution. 


Local  Honorary  Secretaries. 

The  return  of  Mr.  A.  P.  Trotter  to  England  left  a  vacancy  in  the 
Local  Honorary  Secretaryship  for  the  Cape  and  South  Africa,  and 
looking  to  the  large  number  of  members  in  the  Transvaal,  and  to  the 
distance  of  these  members  from  the  previous  local  headquarters  at 
Cape  Town,  the  Council  decided  to  divide  the  Secretariat  into  two 
sections,  namely,  the  Cape,  Natal  and  Rhodesia,  for  which  district  Mr. 
John  Denham,  M.I.E.E.,  hasbeen  appointed  Local  Honorary  Secretar>*, 
and  the  Transvaal,  to  which  district  Mr.  J.  Hubert  Davies,  M.I.E.E., 
was  appointed. 

Two  new  Secretariats  have  been  formed,  viz.,  Italy  and  Sweden,  to 
which  Col.  F.  Pescetto  (Foreign  Member)  and  Mr.  John  Henrik 
Hammur  (Foreign  Member)  have  been  respectively  appointed  as  Local 
Honorary  Secretaries. 

The  Council  has  now,  by  way  of  experiment,  entered  into  an 
arrangement  for  a  year  with  the  Societe  Internationale  des  Elcctriciens, 
under  which  the  Treasurer  of  each  Society  undertakes  the  collection 
of  the  subscriptions  of  members  of  the  other  Society  resident  in  his 
country. 

The  Council  desires  to  record  its  cordial  thanks  to  Mr.  Trotter  for 
liis  services  as  Local  Honorary  Secretary  at  the  Cape,  and  especially 
for  his  share  in  the  organisation  of  the  Cape  Town  Local  Section  of  the 
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Institution,   which  was  being  carried  on  informally  and  unofficially 
prior  to  his  return  to  this  country. 


Visit  of  the  Institution  to  Switzerland. 

In  previous  years  the  Institution  has  three  times  held  meetings 
away  from  London,  namely  at  the  Paris  Electrical  Exhibitions  of  1881 
and  1889,  and  at  the  Edinburgh  Electrical  Exhibition  of  1890,  but 
otherwise  no  organised  visits  have  been  paid  to  foreign  or  provincial 
centres.  During  the  twelvemonth  now  closing,  it  was  decided  to 
arrange  a  visit  to  some  of  the  principal  electrical  works  and  installations 
in  Switzerland.  With  the  cordial  co-operation  of  Swiss  engineers 
represented  by  a  reception  committee  consisting  of  Col.  Huber,  Mr. 
C.  E.  L.  Brown,  and  Professor  W.  Wyssling,  a  programme  was  arranged 
and  the  visit  took  place  on  the  ist  to  the  loth  of  September.  139 
members,  and  20  ladies  accompanying  them,  took  part  in  the  reunion, 
and  thanks  to  the  efforts  of  the  Reception  Committee  in  Switzerland, 
and  of  the  Organising  Committee  at  home,  and  to  the  untiring  labours 
of  our  Secretary,  Mr.  McMillan,  the  Council  is  able  to  congratulate  the 
Institution  on  the  success  of  the  visit. 

The  Council  has  arranged  for  a  Joint-Meeting  of  this  Institution 
with  the  American  Institute  of  Electrical  Engineers  in  Paris  on  August 
1 6th  of  this  year,  immediately  before  the  opening  of  the  International 
Electrical  Congress ;  and  has  also  accepted  an  invitation  to  visit  Berlin 
in  1901. 


Common  Seal  and  Diplomas. 

During  the  period  under  review  the  engraving  of  a  Common  Seal 
was  completed.  The  various  investments,  with  the  exception  of  those 
in  respect  of  the  Salomons  Scholarship  Fund,  have  now  been  trans- 
ferred from  the  Trustees  to  the  Institution,  and  are  registered  under 
seal.  By  adopting  this  course,  the  Trustees  will  be  put  to  less  incon- 
venience, and  the  Institution  will  suffer  no  expense,  at  such  times  as 
a  change  of  trustees  would  otherwise  have  necessitated  the  transfer  of 
the  stocks  from  the  previous  trustees,  or  the  survivors  of  them,  to  those 
newly  appointed. 

The  Council,  being  also  in  a  position  to  issue  the  diplomas  for 
which  provision  had  been  made  in  the  new  Articles  of  Association,  has 
notified  Members  and  Associate  Members  that  they  are  entitled  to 
apply  for  diplomas.  As  a  result,  a  large  number  of  these  certificates 
has  now  been  issued.  To  meet  a  certain  demand  for  diplomas  on 
vellum  instead  of  on  paper,  the  Council  decided  that  any  member 
could  demand  such  a  diploma  on  payment  of  one  guinea,  the  surplus 
of  receipts  over  expenditure  on  account  of  vellum  diplomas  being 
regarded  as  a  subscription  to  the  Building  Fund.  Fifty-eight  of  these 
vellum  diplomas  were  issued  up  to  the  end  of  1899,  and  the  subscrip- 
tions thus  accruing  to  the  Building  Fund  amounted  to  £^S  5s.  2d. 
VOL.  XXIX.  58 
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Elkctrical  Museum. 

Recognising  the  advantage  that  would  accrue  to  the  profession 
from  the  formation  of  a  historical  collection  of  electrical  apparatus, 
and  the  increasing  difficulty  in  hiaking  such  a  collection  representati« 
of  earlier  work,  the  Council  has  appointed  a  Committee,  which  is  now 
taking  active  steps  to  obtain  donations  or  promises  of  objects  or 
apparatus  not  now  in  commercial  use,  possessing  interest  in  connection 
with  electrical  science  and  its  applications. 

The  Library. 
The  Report  of  the  Secretary. 

I  have  to  report  that  the  accessions  to  the  Library  during  the  year 
numbered  57 ;  of  these  nearly  all  were  kindly  presented  by  the  authors 
or  publishers. 

The  presentation  of  specifications  and  abridgments  of  specificatiofl> 
relating  to  Electricity  and  Magnetism  has  been  continued  by  the  kind- 
ness of  H.M.  Commissioners  of  Patents. 

A  few  additions  have  been  made  to  the  periodicals  and  printed 
proceedings  of  other  Societies  received  regularly  in  the  Library.  A 
list  is  appended. 

The  number  of  visitors  to  the  Library  during  the  year  has  been      j 
555>  of  whom  50  were  non-members. 

APPENDIX  TO  SECRETARY'S  REPORT. 

TRANSACTIONS,  PROCEEDINGS,  &c.,  RECEIVED  BY  THE 
INSTITUTION. 

ENGLISH. 

Asiatic  Society  of  Bengal,  Journal  and  Proceedings. 

Cambridge  Philosophical  Society. 

Engineering  Association  of  New  South  Wales. 

Green wicli  Magnetical  and  Meteorological  Observations. 

Institute  of  Patent  Agents,  Transactions. 

Institution  of  Civil  Engineers,  Proceedings. 

Institution  of  Mechanical  Engineers,  Proceedings. 

Iron  and  Steel  Institute,  Proceedings. 

King's  College  Calendar. 

Liverpool  Engineering  Society,  Proceedings. 

Municipal  Electric^al  Association,  Proceedings.  ' 

Northern  Society  of  Electrical  Engineers,  Proceedings, 

Physical  Society,  Proceedings. 

Royal  Dublin  Society,  Transactions  and  Proceedings. 

Royal  Engineers'  Institute,  Proceedings. 

Royal  Institution,  Proceedings. 
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Royal  Meteorological  Society,  Proceedings. 

Royal  Society,  Proceedings. 

Royal  United  Service  Institution,  Proceedings. 

Society  of  Arts,  Journal. 

Society  of  Chemical  Industry,  Journal. 

Society  of  Engineers,  Proceedings. 

South  African  Society  of  Electrical  Engineers,  Proceedings. 

University  College  Calendar. 

AMERICAN  AND   CANADIAN. 

American  Academy  of  Science  and  Arts,  Proceedings. 

American  Institute  of  Electrical  Engineers,  Transactions. 

American  Philosophical  Society,  Proceedings. 

Canadian  Society  of  Civil  Engineers,  Transactions. 

Engineers'  Club  of  Philadelphia,  Proceedings. 

Franklin  Institute,  Journal. 

John  Hopkins  University,  Circulars. 

Library  Bulletin  of  Cornell  University. 

Nova  Scotia  Institute  of  Science,  Proceedings. 

Ordnance  Department  of  the  United  States,  Notes. 

Technology  Quarterly. 

Western  Society  of  Engineers,  Journal. 

BELGIAN. 

Association  des   Ingenieurs    Electriciens    sortis    de   Tlnstitut    Electro- 
Technique  Montefiore,  Bulletin. 
Societe  Beige  d'Electriciens,  Bulletin. 

DANISH. 

Den  Tekniske  Forenings  Tidsskrift. 

FRENCH. 

Academic  des  Sciences,  Comptes  Rendus  Hebdomadaires  des  Seances. 
Societe  Frangaise  de  Physique,  Seances. 
Societe  des  Ingenieurs  Civils,  Memoires. 
Societe  Internationale  des  Electriciens,  Bulletin. 
Societe  Scientifique  Industrielle  de  Marseille,  Bulletin. 

GERMAN. 

Verein  zur  Beforderung  des  Gewerbfleisses,  Verhandlungen. 

ITALIAN. 

Associazione  Elettrotecnica  Italiana,  Atti. 

RUSSIA. 

Section  Moscovite  de  la  Societe  Imperiale  Technique  Russe. 
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LIST  OF  PERIODICALS  RECEIVED  BY  THE  IXSTITUTIOX. 

ENGLISH. 

Cassicr's  Magazine. 

Electrical  Engineer. 

Electrical  Review. 

Electrician. 

Electricity. 

Plngineer. 

Engineering. 

English  Mechanic  and  World  of  Science. 

Feilden's  Magazine. 

Illustrated  Official  Journal,  Patents. 

Indian  and  Eastern  Engineer. 

Industries  and  Iron. 

Invention. 

Lightning. 

Mechanical  Engineer. 

Nature. 

Philosophical  Magazine. 

AMERICAN. 

Electrical  Review. 

Electrical  Worid  and  Electrical  Engineer. 

Electricity. 

Journal  of  the  Telegraph. 

Physical  Review. 

Scientific  American. 

Street  Railway  Journal. 

Western  Electrician. 

AUSTRIAN. 

Zeitschrift  fur  Elektrotechnik. 

FRENCH. 

Annales  Tclegraphiques. 

L'Eclairage  Electrique. 

L'Electricicn. 

L'Industrie  Electrique. 

Journal  de  Physique. 

Journal  Telegraphique. 

Le  Mois  Scientifique  et  Industriel 

GERMAN. 

Annalen  der  Physik  und  Chemie. 

Beiblatter  zu  den  Annalen  der  Physik  und  Chemie. 

Centralblatt  fur  Accumulatoren  und  Elementenkunde. 
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Electrotechnischer  Anzeiger. 
Electrotechnische  Zeitschrift. 
Zeitschrift  fiir  Elektrochemic. 
Zeitschrift  fiir  Instrumentenkunde. 


ITALIAN. 

Ellettricita. 

Giornale  del  Genio  Civile. 
II  Nuovo  Ccmento. 


SPANISH. 

La  Ingenieria. 
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STATEMENT    OF    RECEIPTS    AND 

ENDING   3XSt 

Or. 

RECEIPTS. 


To  Annual  Subscriptions         

„  Entrance  Fees 

„  Advertisements  in  the  Journal 

„  Publishing  Fund     

„  Dividends  on  Investments,  viz. — 

Life  Compositions     

General  Fund 


„  Interest  on  Cash  on  deposit 


£ 

s.    d. 



4,338 

4    0 



743 

6     6 

... 

60 

0  0 

1  0 

£i3(y  13  n 

118  14   3 

8     2 

-55 



lO 

4  10 

5»4I4    4    6 


Digitized  by  LjOOQ  IC 


(BltttxkeLl  €ngxmiix». 

EXPENDITURE    FOR    THE    YEAR 
DECEMBER,  1899. 

EXPENDITURE. 


Cr. 


£   s. 

d. 

799  13 

0 

300   0 

0 

10  10 

0 

57  15 

0 

By  Salaries         

„  Retiring  Allowance 

,,  Accountants'  Fees 

„  Shorthand  Reporter  

„  Attendance,  Refreshments,  Advance  -  proofs  of 
Papers,    and    Petty   Expenses   connected 

with  Evening  Meetings      146  19    4 

„   Printing,  Illustrating,  and  Advertising  Journal  ^^835    4    4 
Less  cost  of  copies  taken    into  Stock         ...        87  10    o 


747  H    4 


„   General    Printing    and    Stationery    (including 
cost  of  engraving  Diploma  Plate  and  of 

printing  600  Forms,  ;f4i  I2S.  od.) -2/4^3    4 

,,   Insurance      10  11    9 

„   Office  Rent,  Electric  Light,  and  Firing 3^9    8    o 

,,   General  Office  Expenses,  viz.  : — 

Sundries 82    5    3 

Postage  of   Journals,   Notices  of    Meetings, 

&c 391   II     I 

Cost  of  Illuminated  Address  to  the  Queen  7  17    6 

Cost  of  preparing  Common  Seal     36    4    o 

Cost  of  Removal  of  Stock  of  Journals  from 

London  to  Wokhig 15    5     i 

Cost  of  Cardboard  Cases  for  Diplomas  and 
of  Engrossing  Names         14  18  10 


548    I     9 

„   Petty  Expenses  of  Local  Honorary  Secretaries        270 

„   Bank  Charges,  viz  : — 

Sundries  4     i   10 

Cost  of  Stamps  and  Commission  on  placing 
Securities  under  Seal        21    07 

25  2  5 

„   Conversazione    Expenses    (irrespective    of     Printing    and 

Postage)           245  19  8 

„   Premiums  (1898-9) iii  i  i 

„   Expenses  relating  to  Institution's  Visit  to  Swit/x-rland       ...  30  17  9 

„   Contribution  to  "  Science  Abstracts "     660  o  o 


4,300  14  5 
„   Balance  carried  to  General  Fund,  being  excess  of  Receipts 

over  Expenditure      1,113  10  i 

£5AH    4  6 
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To  Amount  (as  per  last  Account) 
„  Life  Compositions  since  received 


£      s.    cL 

4,412  10    o 

671  10    o 


jC5,o84    o    o 


To  Amount  (as  per  last  Account) 


SALOMONS  SCHOLARSHIP 

2,126  19   3 


jC2,I26  19     3 
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£   s.  d. 
By  Investments  (as  per  last  Account)— 

;C400    o    o  New  South  Wales  4  %  Bonds     ...    ;^4I4  15    o 
318    0*0  Cape  of    Good   Hope  4  %  Con- 
solidated Stock 306    o    o 

1,679  19    5  Indian  3J  %  Stock 1,776    5    o 

120    o    o  South-Eastern  Railway  5  %  Deben- 
ture Stock  204  16    6 

355    5  10  Canada  3  %  Stock 352  13    6 

289  17    4  Midland    Railway  2 J  %  Consoli- 
dated Preference  Stock  ...      274  11  10 
600    East    India  Railway  Class  "C" 

Annuity 185    I    9 

87    o    o  Great  Eastern   Railway  4%  Pre- 
ference Stock     130  15    2 

70    o    o  Great  Indian   Peninsula   Railway 

5  %  Guaranteed  Stock 120    i    6 

143    o    o  Southwark   and   Vauxhall   Water 

Co.  4  %  Debenture  Stock      ...      207  17    9 
260    o    o  Staines  Reservoirs  3  %  Guaranteed 

Debenture  Stock  266  11    6 


£AaZ9    9    6 
Investments  Purchased  since  last  Account — 
260    o    o  Staines  Reservoirs  3  %  Guaranteed 

Debenture  Stock  272  10    9 

200    o    o  Glasgow  and  South- Western  Rail- 
way 4  %  Preference  Stock  (1894)       276    5    o 

175    o    o  Great  Eastern  Railway  4  %  Deben- 
ture Stock  251    5    5 


Balance  uninvested  at  this  date  carried  to  Balance 

Sheet        44    9    4 


£SP39  10    » 

44    9    4 
^5,084    o    o 


FUND"   CAPITAL  ACCOUNT. 

By  Investments,  viz. — 

;£  1,500  New  South  Wales  3J  %  Stock  ...;£i,556    5    9 

500  Cape  of  Good  Hope  3J  %  Stock      ...      570  13    6 


£     «.  d. 


2,126  19    3 


jC2,I26  19    3 
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To  Balance  (as  per  last  Accounl) 
„  Dividends  received  to  date 


£   s. 

d. 

14  4 

6 

69  17 

7 

m  2  1 


"BUILDING  FUND" 

£    s.  d. 

To  Amount  (as  per  last  Account) — 

„  Investments  £SiVS  18    5 

„  Dividends  uninvested        121 

5,277    o    6 

„  Dividends  received  to  date         149  18    o 

,,  Subscriptions  received  to  date      131  11     6 

„  Surplus  from  Vellum  Diploma  account  to  date           48    5    2 

,,  Amount  transferred  from  General  Fund          1,437  10    9 


;f7,044    5  II 
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By  Award   for  1899,  to  Mr.   H.  J.  Thomson,  of   the  Central 

Technical  College     

„  Balance  carried  forward  to  Balance  Sheet        


1 

s. 

d. 

50 

0 

0 

34 

2 

I 

£^ 

2 

I 

x 

ACCOUNT. 


By  Investments  (as  per  last  Account) — 
;f45o    o    o  Canada  4  %  Reduced  Stock 

52413    o  Canada  3  %  Stock      ...        

181    o    o  Greitt  Western  Railway  4J  %  Deben- 
ture Stock    

418    o    o  South-Eastern  Riil way  3  J  %  Prefer- 
ence Stock  

370    o    o  London  and  South-Western  Railway 
Preferred  Ordinary  Stock 

520    o    o  London  and  South -Western  Railway 

4  %  Consolidated  Preference  Stock      821  12    o 

190  16    8  India  3j%  Stock        

387    o    o  Great  Eastern  Railway  Consolidated 
4  %  Preference  Stock      

529  12    o  Midland  Railway  2^  %  Consolidated 
Perpetual  Stock      

350    o    o  Great  Indian  Peninsula  Railway  5  % 

Guaranteed  Stock 

80    o    o  London  and  South-Westem  Railway 
3j  %  Preference  Stock      

„  Investments  (purchased  since  last  Account) — 
504    o    o  Staines  Reservoir  3  %  Guaranteed 

Debenture  Stock 

670    o    o  Glasgow  and  South  Western  Railway 
4  %  Preference  Stock  (1894)      ... 
75    o    o  Great  Eastern  Railway  4  %  Deben- 
ture Stock 

1500  South-Eastern  Railway  3  %  Prefer- 
ence Stock  {1899) 


„  Balance,  being  amount  uninvested  at  this  date, 
carried  to  Balance  Sheet     


d. 


£504    0 
553  10 

0 

I 

324  17 

8 

555  18 

9 

510  12 

0 

821  12 
229    9 

0 
6 

575  17 

8 

500    0 

0 

600    2 

6 

99  18 

3 

;f 5,275 

18 

5 

528    5 

0 

925    II 

9 

107    13  7 

15    0 

0 

;fio76 

10 

4 

A852 

8 

9 

... 

...       191 

17 

2 

£7,041 

5 
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LIABILITIES. 


To  Life  Compositions — Balance  uninvested 
„  Subscriptions  received  in  advance — 

On  Account  of  1900 

1901     

1902 

1903     


£54  17 
2  II 
I  I 
o     I 


Salomons  Scholarship  Fund — Balance  of  Income 

Account    

Building  Fund — Balance  uninvested      

Sundry  Creditors     

Suspense  (Subscriptions)  Account,  Amounts  for- 
warded in  advance  for  transfer 

fees,  (fee 

General  Fund—  Balance  as  per  last  Account 

Add  Premium  Fund  transferred 

Telegraph  Jubilee  Fund^transf erred 
Estimated  Value  of  Books  presented 
Excess  of  Receipts  over  Expenditure 


Less  Amount  transferred  to  Building  Fund 


./•4,6i8'i7 

2 

213    0 

3 

163    8 

0 

43    0 

0 

.    1,113  10 

I 

6,151   15 

6 

.    1437  10 

9 

£ 
44 


d. 

4 


58  10  6 

34    2  I 

191  17  2 

379  16  o 


7  19    o 


4.714    4 


WALTER  G.  McMILLAX. 
Sccrctarv. 


^5,430  18  10 


We  have  examined  the  Books,  Vouchers,  and  Bankers'  Certificates  as  to^ 

the  Securities  of  the  Institution,  and  certify  that  the  above  Statements  of  I 

Account  and  Balance  Sheet  are  correct,  and  exhibit  the  true  iinancial  con-  [ 

dition  of  the  Institution.  ) 

WAGSTAFF,  BLUNDELL,  BIGGS  &  CO., 

Cha rtcrcd  A  ccon nta  n ts, 

May  15/,  1900  38,  PARl.IAMKNT   STRKET,    S.W. 
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ASSKTS. 


£     s-  A. 
By  Investments,  "General  F\ind  " — 

;f  1,418     8    o  Midland  Railway  2 J%  Consolidated 

Perpetual  Preference  Stock        ;f ',2oo    o    o 
320^  o    o  South  -  Eastern    Railway  Preferred 

Ordinary  Stock 511     i     o 

918    3     2  India  3j  %  Stock ...       973  17  10 

160    o    o  Great  India  Peninsula  Railway  5% 

Guaranteed  Slock         274    8    9 


2,959    7    7 


F^urniture  Account  (as  per  last  Balance  Sheet)  223  3  6 
Add  Additional  Book  Cases  in  Library  and 

Office  Stool           3  10  o 

„    Press  and  Stand  for  Common  Seal      ...  12  10  o 


Stock  in  hand  of  Institution  Journals,  Ronald's 
Catalogues,  &c.— 

As  per  last  Balance  Sheet       354    9  n 

Cost  of  Additions  in  1899        87  10    o 


239    3    6 


441  19  II 
Lfss  Amount  realised  during  the  year        ...       132    6    8 


309  13    3 

„   Stock  in  hand  of  "  Cooke's  Manuscripts "        18    5    2 

„  Books,  Pictures,  &c.,  other  than  the   Ronald's 
Library   (as    per    last    Balance 

Sheet)       1,267  10  10 

Add  Value  of   Books  and  Periodicals  since 

purchased,  and  Cost  of  Binding        26    8    9 
Do.  Presented      43    o    o 


„   Stock  of  Vellum  Diplomas  

„   Sundry    Debtors    for    Advertisements    in    the 

Journal,  &c 

„   National  Telephone  Co.  Deposit 

„   Cash  Balances  at  Bankers' — General  Account ...    £\b^)  17    2 

Swiss  Visit  Account*       17     57 
Petty  Cash  Account        34    4     I 


1,336  19 

7 

9    3 

2 

36    9 

9 

0  10 

0 

-     521     6  10 
;f5,43o  18  10 
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S80  ADOPTION   OF  REPORT.  [May  flith. 

The  President:  Gentlemen,  in  moving  the  adoption  of 
the  report  of  the  Council  I  need  not,  I  think,  add  anything 
by  way  of  a  lengthy  contribution  to  the  information  that  has 
now  been  laid  before  you  officially  by  the  Council ;  I  will 
only  very  briefly  comment  on  what  seem  to  me  to  be  the 
two  most  important  things  that  have  happened  during  the 
year.  The  first,  and  by  far  the  most  important,  is  the  growth 
of  the  organisation  of  the  Institution  in  its  local  sections. 
That  which  we  have  been  contemplating  for  several  years, 
that  for  which  we  made  express  provision  in  our  new  articles 
of  association,  has  become  during  the  session  which  concludes 
to-night  an  accomplished  fact.  We  have  now  spread  our 
roots  in  five  different  centres — in  Dublin,  Glasgow,  Man- 
chester, Newcastle,  and  Capetown,  with  a  local  organisation 
in  each.  I  need  hardly  tell  you  that,  in  my  view  at  any  rate, 
this  is  by  far  the  most  important  thing  that  has  happened  for 
a  good  many  years.  We  hope  to  see  a  few  more  such  local 
organisations  added  as  tiniie  goes  on ;  indeed  it  is  perhaps  re- 
vealing no  secret  to  tell  you  that  there  are  active  negotiations 
on  foot  for  another  local  centre  in  England  which  probably 
may  be  organised  in  the  present  year,  though  not  of  course 
during  the  present  session.  The  Council  and  the  members 
of  the  Institution  may  congratulate  one  another  most 
heartily  that  these  local  sections  have  been  formed,  that 
they  have  got  to  work,  that  they  are  already  sending  in 
papers  to  be  printed  in  our  Journal,  and  that  the  local 
interest  which  is  being  aroused  in  the  work  of  the  Institution 
is  already  bringing  in  members  and  consolidating  our  efforts 
in  a  most  gratifying  way. 

The  other  matter  that  I  want  to  allude  to  is  the  growth 
of  our  Building  and  Benevolent  Funds.  It  is  no  small 
matter,  I  think,  that  the  Institution  has  been  able  during 
the  current  session  to  add  nearly  ;^i,8oo  to  the  Building 
Fund,  partly  by  its  savings  during  the  previous  session  and 
during  part  of  the  current  session,  and  partly  by  special 
subscriptions  collected  for  the  purpose.  You  will  have  • 
noticed  in  the  reading  of  the  report  how  the  actual  sum  at  our 
disposal  as  a  Building  Fund  has  grown,  since  the  date  of  our 
last  annual  report, from  £s^^^^  os.  6d.  to  ;^7,044  5s.  i  id.  Now 
there  is  a  considerable  difference  between  those  two  sums,  for 
it  represents  an  increase  in  that  nucleus  of  a  Building  Fund 
quite   substantial   enough   now   to   justify  the   Council   in 
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stepping  forward  to  that  first  and  most  necessary  prelim- 
inary, viz.,  the  acquisition  of  a  site.  You  know  that  our 
Council  has  been  during  the  past  session  actively  on  the 
look-out  for  a  suitable  site.  A  suitable  freehold  site  of  such 
a  size  as  we  shall  require  will  certainly  cost  us  more  than 
;^7,ooo,  but  ;^7,ooo  is  quite  enough  to  secure  that  site,  and 
once  we  have  our  site  secured  we  can  very  easily,  and  I 
have  no  doubt  successfully,  appeal  to  the  membership 
generally  for  the  necessary  funds  to  complete  the  purchase 
and  to  go  on  with  the  beginning  of  our  building.  There 
are  ways  and  means,  when  we  have  a  nucleus,  of  at  any 
rate  adding  to  that  nucleus  pro  ieuu^  and  raising  money  on 
mortgage,  and  therefore  the  fact  that  we  have  a  nucleus  of 
;^7,ooo  has  brought  us,  during  the  present  year,  literally 
within  sight  of  the  possibility  of  creating  for  ourselves  that 
permanent  home  which  I  hope  it  is  the  desire  of  every  one 
to  see  in  the  possession  of  the  Institution.  The  Benevolent 
Fund  appeals,  of  course,  to  a  different  sentiment,  the  senti- 
ment of  desiring  to  provide  against  any  misfortune  occurring 
to  our  members,  and  it  has  largely  grown,  and  grown  in 
two  directions.  Our  old  Benevolent  Fund,  which  is  admin- 
istered not  directly  by  the  Council,  but  by  a  Committee  on 
which  our  Council  is  officially  and  largely  represented,  has 
grown,  particularly  during  the  last  month  or  two,  thanks  to 
the  activity  in  particular  of  one  member  of  the  Committee, 
though  not  only  of  him,  who  has  busied  himself  in  this 
most  laudable  effort  to  increase  the  subscriptions  to  the 
Benevolent  Fund.  We  have,  in  addition,  the  Benevolent 
Fund  which  bears  the  name  of  our  Honorary  Member, 
Mr.  Henry  Wilde,  and  we  are  grateful  for  that  magnificent 
contribution  which  he  has  made  to  our  resources  in  the 
founding  of  the  Wilde  Benevolent  Fund. 

These  are  very  distinct  points  of  progress  on  which  we 
may  congratulate  ourselves  and  the  membership  at  large. 
I  have  done  my  duty  in  drawing  your  attention  to  them,  and 
1  beg  to  move  "That  the  Report  of  the  Council,  as  just 
read,  be  received  and  adopted,  and  that  it  be  printed  in  the 
Journal  of  the  Proceedings  of  the  Institution." 

Mr.  J.  E.  Kingsbury  :  As  a  member  of  the  Institution,  I 
feel  it  is  quite  unnecessary  for  me  to  add  any  remarks  to  those 
of  the  President,  except  to  congratulate  the  Council  on  the 
facts  which  have  been  disclosed.  I  beg  to  second  the 
motion. 
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The  President  :  The  Report  is  now  open  for  dis- 
cussion. 

Mr.  H.  Fextum  Phillips  :  I  have  great  pleasure  in  supporting  the 
adoption  of  the  Report.  I  am  particularly  glad  to  see  the  Council  is 
again  going  forward  with  the  nucleus  of  a  Building  Fund.  Of  course 
we  are  a  powerful,  a  large  and  influential  body,  but  at  the  same 
time  we  can  only  hold  our  meetings  by  the  courtesy  principally 
of  the  Institution  of  Civil  Engineers  and  the  Society  of  Arts,  and  on 
two  occasions  this  session  to  the  Institution  of  Mechanical  Engineers. 
I  am  sure  that  all  our  members  will  feel  with  me  that  when  all  is  said 
and  done,  we  to  a  certain  extent  have  the  feeling  that  there  is  no  place 
like  home.  I  think  the  sooner  we  can  get  a  home  of  our  own  the 
greater  it  will  be  not  only  to  our  credit  but  to  our  convenience.  I  was 
also  very  pleased  to  see  that  there  is  some  suggestion  of  forming  a 
Museum.  I  think  that  will  be  a  very  interesting  thing,  not  perhaps  just 
at  present,  but  in  years  to  come. 

Mr.  W.  McGregor  :  I  should  like  to  congratulate  our  Institution  on 
the  local  centres,  the  creation  of  which  is  a  very  important  step,  that 
must  prove  of  great  use  to  people  who  are  unable  to  come  to  London. 
I  am  here  to-night  after  twenty-five  years  of  membership.  I  have  not  had 
an  opportunity  once  of  attending  any  of  the  meetings  in  London  ow^ing 
to  absence  in  India,  and  I  was  determined  I  would  come  to-night  to 
support  the  formation  of  local  centres.  I  think  you  will  find  they  will 
be  a  very  great  success  indeed.  I  have  tried  to  move  in  the  matter  at 
Bournemouth  in  my  own  small  way.  I  congratulate  the  Institution  on 
having  made  such  a  good  start,  and  I  hope  we  shall  have  a  large 
increase  of  these  local  centres. 

Mr.  J.  W.  Swan  :  I  am  very  glad  to  have  been  present  to-night  to 
hear  the  reading  of  the  Report,  the  best  Report  ever  issued  on  the 
occasion  of  any  of  the  Annual  Meetings  of  the  Institution,  showing 
progress  in  every  department,  in  the  membership,  in  the  revenue,  in 
the  institution  of  local  centres  and  in  the  number  and  quality  of  papers. 
In  every  respect  there  is  very  strong  evidence  of  good  progress.  I 
congratulate  the  Council  and  members  and  the  President  on  such  a 
successful  year.  I  was  taken  by  surprise  when  I  found  my  own  name 
occurring  in  the  Report.  I  knew  that  the  Council  had  done  me  the 
honour  to  elect  me  as  an  Honorary  Member,  but  it  never  occurred  to 
me  that  this  would  be  mentioned.  I  cannot  quite  pass  over  the  very 
kind  way  in  which  the  announcement  was  received  without  acknow- 
ledging the  pleasure  I  have  in  this  mark  of  your  appreciation.  If 
there  is  a  drawback  at  all,  perhaps  it  is  in  the  reminder  it  conveys  of 
the  fact  that  one  is  growing  old.  And  yet  I  trust  that  I  am  not  too  old 
to  be  permitted  the  hope  of  being  able  yet  to  do  some  useful  work 
towards  the  further  advancement  of  electrical  engineering. 

I  wish  to  give  expression  to  the  pleasure  I  have  felt  in  hearing  such 
an  admirable  report  read,  and  I  hope  it  is  the  forerunner  of  many  other 
reports  having  the  same  characteristic  of  continual  progress. 

The  resolution  for  the  adoption  of  the  Report  was  then  put,  and 
was  carried  nem,  con. 
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The  President:  I  beg  to  move  that  the  Statement  of  Accounts 
and  Balance  Sheet,  of  which  copies  were  sent  to  the  members 
with  the  notice  convening  the  annual  general  meeting,  be  taken  as 
read. 

The  motion  was  then  put  and  agreed  to. 

The  President  :  I  beg  to  move  "  That  the  Statement  of  Accounts 
and  Balance  Sheet  for  the  year  ending  December  31st,  1899,  ^^ 
presented,  be  received  and  adopted." 

Mr.  Hirst:  I  have  much  pleasure  in  seconding  this  resolution. 

Mr.  J.  S.  Raworth  :  I  should  like  to  say  a  word  or  two  on  the 
Balance-sheet,  not  from  the  point  of  view  of  criticism,  but  rather  as 
respecting  the  few  words  which  have  dropped  into  my  ears  from  the 
various  members  of  the  Institution  who  seem  to  think  that  I  take  a 
paternal  interest  in  the  Balance-sheet. 

In  the  first  place  I  have  to  report  that  everybody  that  I  have  spoken 
to  is  full  of  admiration  for  the  Finance  Committee  and  for  the  Secretary 
and  Treasurer  for  the  manner  in  which  they  have  presented  this  Balance- 
sheet.  It  is,  I  think,  the  handsomest  and  most  lucid  Balance-sheet  that 
we  have  ever  had  in  our  hands,  and  it  has  this  advantage,  that  you  have 
not  to  pore  over  it  for  hours  or  even  minutes.  I  think  five  minutes  is 
sufficient  to  get  a  clear  understanding  of  the  position  of  the  Institution. 
One  of  the  most  charming  features  of  the  Balance-sheet  is  that  we  see 
that  the  Building  Fund  is  of  its  own  accord  growing  at  the  rate  of  £150 
a  year.  That,  added  to  what  we  get  from  the  vanity  of  the  members 
for  the  vellum  certificates  will,  I  have  no  doubt,  gradually  provide  us 
with  a  home. 

There  are  one  or  two  points  which  have  been  brought  to  my  notice 
which  I  think  might  be  mentioned  for  the  benefit  of  the  members. 
Perhaps  somebody  may  be  able  to  give  information  on  those  points  on 
which  I  cannot  supply  it.  First  of  all,  the  postage  of  Journals  and 
notices  of  meetings  amount  to  £291  us.  id.,  and  some  people  think 
that  a  very  large  sum  of  money  for  us  to  pay  over  to  the  Postmaster- 
General.  I  can  assure  members  who  have  any  feeling  of  that  kind  that 
the  subject  has  already  taken  a  considerable  amount  of  the  time  of  the 
Committees  concerned,  and  they  have  come  to  the  conclusion  that 
however  desirable  it  may  be  to  reduce  our  expense  in  that  direction, 
it  is  so  far  incapable  of  reduction.  The  Secretary  himself  I  know  has 
gone  to  very  great  personal  effort  in  trying  to  devise  cheaper  methods 
of  distributing  the  printed  matter  of  the  Institution.  It  is  because 
the  volumes  are  growing  fatter  and  heavier  every  year  that  this 
item  of  expense  in  distributing  them  naturally  increases.  Another 
point  is  the  cost  of  preparing  the  Common  Seal,  £^6  4s.  At  first 
sight  it  looks  a  rather  excessive  amount  for  preparing  the  Common  Seal ; 
but  this  is  not  a  common  Seal — it  is  only  a  Common  Seal  in  name — 
and  if  you  had  any  idea  how  much  time  and  talent  the  Council  has 
brought  to  bear  on  its  preparation,  I  am  sure  you  would  sympathise 
with  them  and  condone  the  expense.  We  have  tried  every  conceivable 
idea,  and  finally  we  settled  upon  having  a  likeness  of  Faraday.  It  took 
us  a  ^reat  deal  of  trouble  to  get  a  good  likeness,  but  I  think  the 
Institution  generally  is  satisfied  with  the  result. 

VOL.  XXIX.  69 
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The  resolution  for  the  adoption  of  the  Accounts  was  then  put,  and 
was  carried  nem.  con. 

Professor  J.  Perry  :  We  have  all  heard  about  a  new  building 
which  for  so  long  has  been  a  sort  of  pious  wish,  but  which  is  now 
coming  well  into  view.  We  have  heard  of  meetings  at  Paris  and  at 
Edinburgh  and  in  Switzerland,  and  we  have  had  meetings  here  and  at 
the  Institution  of  Mechanical  Engineers,  but  I  think  you  must  all 
agree  with  me  that  there  is  one  building  to  which  we  reaUy  do  feel  an 
attachment,  the  attachment  which  is  associated  with  the  houses  we  have 
known  in  our  youth,  and  that  is  the  building  of  the  Institution  of  Civil 
Engineers.  It  is  a  very  beautiful  building,  and  they  have  given  us  the 
easy  use  of  it  for  a  great  length  of  time.  The  Institution  of  Civil 
Engineers  might  be  almost  called  the  parent  bird  of  this  Society,  I 
don't  think  it  can  be  regarded  as  the  bird  that  laid  the  egg,  but  I 
suppose  to  some  extent  it  may  be  looked  upon  as  having  hatctied  it,  and 
possibly  it  is  sometimes  a  little  astonished  at  the  experiments  that  we 
occasionally  make.  The  fact  is  we  are  a  duck,  and  a  hen  has  hatched 
us.  I  think  we  must  all  feel  that  the  Institution  of  Civil  Engineers 
has  been  exceedingly  civil  to  us  from  the  very  beginning.  I  there- 
fore beg  to  propose,  "That  the  members  of  this  Institution  hereby 
express  their  sincere  and  hearty  thanks  to  the  President,  Council,  and 
Members  of  the  Institution  of  Civil  Engineers  for  their  kindness  and 
liberality  in  permitting  the  meetings  of  this  Institution  to  be  held  in 
their  Lecture-hall." 

Mr.  McGregor  :  I  have  very  great  pleasure  in  seconding  this 
resolution.  We  must  all  feel  we  have  been  in  a  home,  what  is  called 
among  boarding-house-keepers  a  "  home  from  home."  It  has  been  a 
home  to  us  hitherto,  and  I  believe  we  feel  that  we  are  under  a  very 
great  obligation  to  the  Institution  of  Civil  Engineers  for  allowing  us  the 
use  of  those  rooms  in  our  early  days,  and  up  to  the  present  time. 

A  member  is  very  warm  on  the  subject  of  our  future  home,  but 
until  we  get  that  future  home  I  am  sure  we  cannot  do  belter  tham 
behave  ourselves  as  good  cnildren  in  the  home  that  we  possess  at  the 
present  moment.  Therefore  I  have  great  pleasure  in  seconding  the 
resolution. 

The  resolution  was  carried  unanimously. 

Mr.  J.  Gavey  :  Pending  the  acquisition  of  that  home  of  which  we 
have  heard  such  cheerful  accounts  to-night,  we  are  indebted  not  only  to 
the  parent  Society  for  its  hospitality,  but  to  certain  other  Societies  who 
have  been  good  enough  to  lend  us  their  houses  from  time  to  time. 
There  is  perhaps  one  advantage  attendant  on  this  period  of  wandering 
in  the  desert — there  are  always  compensations  in  all  walks  of  life, — 
namely  that  we  may  hope  that  when  we  do  acquire  our  own  home  we 
may  have  gathered  certain  hints  from  those  we  have  made  use  of  from 
time  to  time  as  to  the  best  sort  of  home  to  provide.  We  may  perhaps 
scarcely  hope  to  be  surrounded  with  such  artistic  embellishments  as  we 
have  here,  but  let  us  hope  we  may  combine  a  little  Art,  a  great  deal  of 
Science,  and  a  good  deal  of  the  solid  comfort  which  will  aid  us  in  the 
consideration  of  the  abstruse  subjects  which  come  before  us  from  time 
to  time.     It  is  not  necessary  to  dwell  at  length  on  this  point,  but  I  will 
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simply  propose  "  That'  the  members  of  this  Institution  hereby  express 
their  hearty  thanks  to  the  President,  Council,  and  Members  of  the 
Institution  of  Mechanical  Engineers,  and  to  those  of  the  Society  of 
Arts,  for  their  kindness  in  allowing  meetings  of  this  Institution  in  May 
to  be  held  in  their  respective  rooms." 

Mr.  H.  W.  Wilkinson  :  I  have  very  great  pleasure  in  seconding 
that  resolution. 

The  President  :  In  putting  this  motion  to  you,  I  wish  to  take  my 
.  privilege  of  saying  a  word.  Possibly  many  of  you  do  not  know  to  what 
a  large  extent  this  actual  room  is  historical  in  the  development  of 
electricity.  It  was  in  this  actual  room  in  the  year  1825  that  William 
Sturgeon  showed  the  first  soft-iron  electro-magnet ;  it  was  in  this  room 
in  1845  that  a  lecture  was  given  by  Mr.  Francis  Whishaw  on  the  subject 
of  gutta-percha.  That  lecture  was  listened  to  by  the  young  William 
Siemens,  who  forthwith  sent  a  specimen  to  his  brother,  Dr.  Werner 
Siemens,  in  the  expectation  that  he  would  find  in  it  the  material 
for  which  he  was  then  seeking  for  the  insulation  of  submarine  cables. 
I  repeat,  this  room  is  historical,  and  I  think  that  is  all  the  more  reason 
we  should  give  more  cordial  thanks  to  the  Society  of  Arts. 

The  resolution  was  then  put,  and  carried  unanimously. 

Mr.  J.  W.  Swan  :  I  wish  to  move  "  That  the  thanks  of  the  Institution 
be  given  to  the  Local  Honorary  Secretaries  and  Treasurers  for  their 
services  during  the  past  year."  I  am  sure  you  all  feel,  as  I  do,  that 
they  are  fully  entitled  to  our  best  thanks  :  they  do  us  an  immense 
service. 

Mr.  R.  S.  Erskine  :  I  have  much  pleasure  in  seconding  that.  I 
understand  from  the  Report  that  one  of  the  people  we  have  to  thank  is 
Mr.  Trotter.  I  understand  he  was  Local  Honorary  Secretary  at  the  Cape, 
and  I  have  great  pleasure  in  seconding  the  motion,  as  Mr.  Trotter 
took  such  an  active  part  in  founding  the  local  centre  there,  and  so 
leaving  a  record  of  his  services. 

The  President  :  These  are  the  Local  Secretaries  and  Treasurers  not 
of  our  five  local  branches,  but  the  Honorary  Secretaries  wherever  we 
have  them,  in  all  parts  of  the  world — in  India,  Canada,  Australia,  and  in 
various  countries  in  Europe,  including  those  who  have  been  made  Local 
Honorary  Secretaries  in  the  past  year  in  Italy  and  Sweden.  It  is  a 
somewhat  comprehensive  vote,  but  the  Institution  owes  a  great  deal  to 
the  energy  and  devotion  of  these  gentlemen,  whose  services  enable  us 
to  keep  in  touch  with  our  scattered  membership  through  the  whole 
world. 

The  resolution  was  then  put,  and  carried  unanimously. 

Mr.  J.  S.  Ra WORTH  :  I  beg  to  propose  "That  the  thanks  of  this 
Institution  be  accorded  to  Professor  Ayrton  for  his  kind  services  as 
Honorary  Treasurer  during  the  past  twelvemonth.''  You  know  Pro- 
fessor Ayrton  in  his  character  of  Professor  better  than  I  can  tell  you. 
But  you  do  not  know  him  in  his  capacity  of  Treasurer.  I  do  ;  and  I  can 
assure  you  his  services  are  not  fully  described  when  they  are  called 
"  kind."  They  are  absolutely  admirable.  He  is  built  on  the  principle 
of  the  old  pot  savings  banks — you  can  get  the  money  in  easily  enough, 
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but  you  can  never  get  it  out  again.  I  am  sure  this  Institution  is  bound 
to  have  Professor  Ayrton  as  Treasurer  as  long  as  he  lives,  because  you 
will  never  get  money  out  of  him,  however  much  you  try,  except  b> 
grinding  him  up  with  a  pestle  and  mortar.  Another  thing  is  that  be 
has  done  the  best  he  can  to  increase  the  interest  accruing  to  this  Insti- 
tution from  the  investment  of  the  funds.  He  has  had  this  very  strongly 
on  his  mind,  and  he  does  not  intend  this  Institution  to  go  without  a 
good  return  for  want  of  trying  to  get  interest  on  the  money  that  is  put 
out 

Mr.  H.  M.  Sayers  :  I  have  much  pleasure  in  seconding  this  motion. 
I  think  we  must  all  agree  that  when  a  man  with  the  many  engagements 
and  business  interests  of  Professor  Ayrton  takes  upon  himself  the  re- 
sponsible position  that  he  has  done,  no  mere  words  can  fully  repay  the 
debt  we  owe  him  for  the  work  which  he  does  in  our  interests. 
The  resolution  was  carried  unanimously. 

Mr.  A.  J.  Lawson  :  I  beg  to  move  "  That  the  thanks  of  this  Institu- 
tion be  given  to  Mr.  F.  C.  Dan  vers  and  Mr.  E.  Garcke  for  their  kind 
services  as  Honorary  Auditors  during  the  past  year."  You  may  rely 
upon  it  that  as  auditors  what  they  do  they  do  well. 

Mr.  J.  Rennie  :  I  have  much  pleasure  in  seconding  the  resolution. 
The  resolution  was  carried  unanimously. 

Mr.  A.  A.  C.  SwiNTON  :  I  have  a  resolution  to  propose  which  I  am 
sure  will  commend  itself  to  every  one.  I  do  not  know  that  the  members 
of  this  Institution  are  more  litigious  than  other  people,  but  every  one  who 
employs  lawyers  is  aware  that  usually  they  are  very  expensive.  I  have 
recently  been  engaged  in  a  case  in  which  several  lawyers  were  em- 
ployed, and  I  calculated  roughly  they  were  costing  at  the  rate  of  about 
£$  a  minute.  I  am  now  appalled  at  the  idea  of  the  bill  which  will 
shortly  be  delivered.  We  have  the  great  benefit  in  this  Institution 
that  we  have  an  honorary  lawyer  who  does  all  our  work  for  nothing. 
I  think  I  ought  to  say  that  he  has  a  great  deal  of  work  to  do.  Last 
year  he  had  much  to  do  in  connection  with  our  new  Articles  of 
Association.  This  year  he  has  given  us  a  great  deal  of  his  time  in 
connection  with  the  rules  for  the  new  Local  Sections  of  which  wt 
have  heard  the  great  importance,  and  also  in  connection  with  the 
arrangements  for  the  Wilde  Trust.  I  have  therefore  great  pleasure 
in  moving  the  following  resolution,  "That  the  best  thanks  of  the 
Institution  be  tendered  to  Messrs.  W'ilson,  Bristows,  and  Ctirpmael  for 
their  kind  services  as  Honorary  Solicitors  during  the  past  year." 

Mr.  W.  M.  MoRDEY  :  It  is  more  or  less  natural,  I  suppose,  for  elec- 
trical engineers  to  work  for  the  good  of  this  Institution,  but  we  have 
not  the  same  sort  of  claim  on  others  to  do  so.  I  think  that  ought  to 
make  us  all  the  more  grateful  to  our  Honorary  Solicitors,  especially  as, 
so  far  as  I  know,  they  are  not  getting  any  part  of  the  £s  a  minute 
which  Mr.  Swinton  has  mentioned.  The  proposer  of  the  motion  is 
quite  right  in  saying  that  the  duties  carried  out  by  the  Solicitors  are 
not  merely  formal.  They  have  a  great  deal  to  do,  and  you  will  quite 
understand  that  the  growth  of  the  Institution,  the  number  of  fields  in 
which  activity  is  being  spread,  and  the  important  qyestions  of  building 
sites  and  administration  of  funds  and  so  on,  make  it  very  necessary 
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we  should  be  exceedingly  well  advised,  as  indeed  we  are.  I  hope  we 
shall  pass  a  hearty  vote  of  thanks. 

The  resolution  was  carried  unanimously. 

The  President  :  I  am  only  sorry  Mr.  Bristow  has  found  it  neces- 
sary to  leave  the  meeting  to  keep  another  appointment — he  was  here 
only  a  few  moments  ago.  I  should  have  liked  him  to  be  present  to  hear 
how  the  members  appreciate  the  really  arduous  services  which  he  has 
discharged  so  excellently  for  us,  and  entirely  gratuitously. 

The  next  business  is  to  announce  the  result  of  the  election  of  the 
Council  and  Officers  for  the  year  1900-1901.  The  Articles  of  Asso- 
ciation provide  that  the  names  shall  be  read,  as  they  were  a  month  ago, 
and  circulated  to  all  the  members,  giving  the  members  an  opportunity 
of  making  any  alternative  proposals.  It  so  happens  that  in  the  present 
year  no  alternative  proposal  has  been  made  by  any  member  for  any 
office,  and  therefore  the  whole  of  the  members  proposed  in  their 
various  capacities  have  been  elected,  as  I  have  already  mentioned  in 
the  case  of  one  of  the  Vice-Presidents,  Mr.  Mascart. 

President. 
Professor  J.  Perry,  F.R.S. 

Vice-Presidents. 
W.  E.  Langdok.  I  R.  K.  Gray. 

James  Swinburne.  |  E.  Mascart. 


Members  of  Council. 


Major  P.  Cardew,  R.E. 
H.  H.  Cunynghame,  C.B. 
H.  Edmunds. 
S.  Z.  de  Ferranti. 
John  Gavey. 
Robert  Hammond. 
Hugo  Hirst. 
J.  E.  Kingsbury. 


A.  J.  Lawson. 
P.  V.  Luke;  CLE. 

W.  M.  MORDEY. 

R.  P.  Sellon. 

C.  P.  Sparks. 

A.  A.  Campbell  Swinton. 

A.  P.  Trotter. 


Associate  Members  of  Council. 
VV.  R.  Cooper,  M.A.,  B.Sc.       ]  S.  Evershed. 

R.  W.  Wallace,  Q.C. 

Honorary  Auditors. 
Frederick  C.  Danvers.  |  E.  Garcke. 

Honorary  Treasurer. 
Professor  W.  E.  Ayrton,  F.R.S.,  Past- President. 

Honorary  Solicitors. 
Messrs.  Wilson,  Bristows,  &  Carpmael. 

I  omitted  to  make  one  announcement  at  the  time  announcements 
were  being  made.  It  is  this,  that  the  hours  during  which  the  Library  of 
the  Institution    is  open  will    be  altered.     They   have   been   open   till 


Digitized  by  LjOOQ  IC 


888  ELECTIONS.  [May  34th, 

8  o'clock  at  night  on  certain  days  of  the  week,  and  closed  on  certain 
others — on  Thursday  afternoon  and  evening.  On  considering  the 
question  the  Council  has  decided  that  henceforth  the  Library  shall  be 
open  every  day  except  Saturdays  till  6.30,  and  on  Saturdays  until 
2  o'clock. 

The  President  announced  that  the  scrutineers  reported  the   fol- 
lowing candidates  to  have  been  duly  elected  : — 

Members : 

Charles  Henry  Davis.  I       Henry  Heileman  Wait. 

William  Martin  Haddow.  I       Louis  James  Benard  Wall. 

Associate  Members: 

William  James  Proctor.  |      Norman  Rheam. 

Arthur  Hugh  Seabrook. 


Herbert  Bingham. 

Arthur  Reginald  Cooper. 

I  von  Molesworth  de  Havilland, 

Frank  Hope-Jones. 

John  Watson  Jack. 


Associates : 

Frederick  Charles  Pay. 
David  Robertson. 
Albert  Edward  Short. 
Alexander  Thomas  Stewart. 
William  Francis  Whittaker. 


Students : 
Francis  Percy  Seager.  |       Frank  Herbert  Wigner. 

The  President  :  This  concludes  the  business  of  this  Annual 
Meeting  and  of  the  session.  We  hope  to  meet  again,  under  the 
Presidency  of  Professor  John  Perry,  in  the  autumn. 
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GLASGOW  LOCAL   SECTION. 

Paper  read  at  Meeting  of  Section^  April  27th,  1900. 


SOME   CONSIDERATIONS  CONCERNING 
ELECTRIC   DRIVING. 

By  H.  A.  Mayor,  Member. 

This  communication  has  been  hurriedly  prepared  to  fill 
the  gap  caused  by  the  falling  through  of  the  proposed 
arrangement  to  have  a  Presidential  Address  from  Lord 
Kelvin  on  this  evening.  The  object  of  the  paper  is  to 
suggest  points  for  discussion  in  connection  with  the  use 
of  small  motors. 

The  institution  of  public  supply  stations  for  the  dis- 
tribution of  power  is  now  well  begun  in  this  country,  and 
is  likely  to  show  very  important  developments  in  the  imme- 
diate future. 

It  is  not  necessary  to  prejudge  the  case  now  being 
considered  by  a  Committee  of  the  House  of  Commons  to 
determine  whether  or  not  the  public  supply  of  power 
ought  to  be  in  the  hands  of  the  local  or  municipal  autho- 
rities or  in  the  hands  of  private  companies.  In  either  case 
the  results  as  regards  the  practical  requirements  for  the 
supply  of  motors  are  likely  to  be  qualitatively  if  not  quanti- 
tatively similar. 

The  chief  determining  factor  in  the  quantity  of  motors 
to  be  required  will  be  the  price  for  the  supply  of  electrical 
energy. 

It  seems  probable  that  the  price  to  be  aimed  at  in  the 
immediate  future  will  be  about  id.  per  unit  for  a  500-volt 
supply  on  three-wire  system.  It  is  not  probable  that  this 
price  will  be  seriously  reduced  in  such  a  time  as  need  be 
considered  for  our  present  purpose. 

It  is  well  known  that  large  users  of  power  can  produce 
electric  energy  for  their  own  purposes  at  or  about  this 
figure,  and  it  is  very  unlikely  that  they  would  in  any  case 
draw  upon  the  public  supply,  and  therefore  the  demand  is 
likely  to  come  rather  from  users  of  small  powers  or  of  large 
powers  in  such  an  intermittent  manner  as  to  preclude 
economical  production. 

The  fixing  of  a  standard  voltage  of  500  and  continuous 
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current  for  public  supply  must  necessarily  tend  to  stan- 
dardise private  supply  on  the-  same  lines,  not  only  because 
of  the  convenience  of  interchange  of  sources  of  supply  by 
the  user,  but  because  of  the  preference  by  the  manufacturer 
to  supply  a  standard  article.  It  may  be  assumed  that  the 
probable  range  of  sizes  of  motors  required  for  connection 
to  public  supply  will  be  normally  from  about  i  H.P. 
to  about  20  H.P.  each.  The  lower  limit  is  certainly  far 
above  the  power  required  for  many  industrial  operations, 
but  the  manufacture  of  motors  below  J  H.P.  for  use,  even 
on  250-volt  circuit,  is  not  likely  to  be  satisfactory,  for  two 
reasons  : 

First,  because  of  the  high  initial  cost  in  proportion  to  the 
effective  power  ;  and 

Secondly,  because  of  the  very  inefficient  working  of  the 
smaller  sizes. 
In  cases,  therefore,  where  the  individual  units  are  smaller 
than  J  H.P.,  as,  for  example,  sewing  machines,  they  will 
probably  be  grouped  so  as  to  utilise  the  larger  sizes  of 
motors. 

From  the  users'  point  of  view  efficiency  is  usually  a 
matter  of  secondary  consideration  until  the  experience  of 
comparative  bills  of  cost  induces  a  more  intelligent  inquiry 
into  the  relative  values  of  the  motors.  In  the  first  instance, 
the  capital  cost  of  the  motor  is  too  often  allowed  to  be  the 
sole  determining  factor  in  choosing  it.  The  cost  of  the 
J  H.P.  motor  may  be  taken  at  about  ;^I5,  and  the  cost  of 
running  it  nine  hours  per  day  for  a  year  at  id.  per  unit 
would  be  about  ;^5,  so  that  the  calculation  of  the  value  of 
improved  efficiency  is  a  simple  one  ;  i.e,,  a  saving  of  10  per 
cent,  on  efficiency  on  the  motor  would  amount  to  los.  per 
annum.  The  charge  for  interest  and  depreciation  of  £iS 
being  taken  at  30s.,  an  increase  of  one-third  in  the  price  of 
the  motor  would  be  justified  if  it  gave  10  per  cent,  better 
efficiency.  This  would  approximately  increase  the  size  of 
the  motor  by  about  twice,  and  the  argument  is  therefore  a 
strong  one  in  favour  of  spending  money  on  material  for  the 
purpose  of  gaining  increased  efficiency  on  motors  of  this 
size. 

The  smaller  the  machine  is,  the  greater  the  handicap 
under  which  it  works. 

The  use  of  smaller  machines  is  attended  with  further 
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disadvantages  in  the  direction  of  frequent  necessity  for  and 
difficulty  in  carrying  out  repairs. 

Looking  at  the  matter  now  from  the  manufacturers' 
point  of  view,  let  us  consider  how  the  probable  demand 
for  motors  can  best  be  met. 

Motors  of  5  to  20  H.P.  present  no  difficulty.  They  can 
be  economically  designed  and  made  at  a  reasonable  cost. 

The  smaller  motors,  on  the  other  hand,  if  they  are  to  be 
efficient  working  machines,  present  many  difficulties.  The 
cost  of  material  for  the  smaller  machines  of  normal  design 
as  regards  their  magnetic  and  electric  features  bears  a  very 
high  proportion  to  the  total  value  of  the  machine,  and  the 
amount  of  labour  to  be  expended  upon  these  materials  is 
made  up  of  so  many  small  items,  that  it  is  extremely  difficult 
to  effect  any  material  saving  in  cost.  These  facts  apply 
more  especially  to  the  manufacture  of  small  shunt-wound 
machines  for  high  voltage.  The  manufacturer  would  there- 
fore probably  prefer  to  supply  for  the  small  sizes  series- 
wound  motors,  and  they  may  fairly  plead  the  several 
advantages  from  the  users'  point  of  view  to  weigh  in  the 
consideration. 

A  series-wound  motor  is  more  easily  started  with  the 
load. 

The  maximum  current  required  to  give  the  starting 
torque  is  usually  less  in  the  series  motor  than  in  the 
shunt  motor,  and  therefore  the  starting  resistance 
need  not  necessarily  be  so  large  ;  the  resistance  of  the 
series  winding  of  the  motor  supplements  the  starting 
resistance. 

As  there  is  a  much  smaller  number  of  turns  of  wire  on 
the  series  motor,  the  inductive  effects  on  making  and 
breaking  the  current  are  much  less  likely  to  cause 
damage  to  the  motor  and  to  the  starting  switch. 

Series  motors  can  be  designed  to  give  a  conjparatively 
small  variation  of  speed  within  ordinary  working 
limits  if  they  are  properly  applied  to  the  work,  and 
if  care  be  taken  that  the  machine  is  not  working  at 
an  improper  speed,  either  above  or  below  its  most 
efficient  range,  then  the  efficiency  need  not  be  worse 
and  may  be  better  than  that  of  a  shunt-wound 
machine. 
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The  use  of  a  series-wound  motor  for  a  very  large  pro- 
portion of  industrial  operations  do6s  not  appear  to  present 
any  serious  difficulty.  It  is  perhaps  not  very  generally 
recognised  that  the  working  efficiency  of  nearly  all  manu- 
facturing machines  is  extremely  low,  so  that  the  variation  of 
load  produced  by  change  in  the  amount  of  work  done  by 
the  machine  is  much  less  important  than  would  at  first  sight 
be  anticipated  ;  for  example,  a  bank  of  sewing  machines 
running  light,  Le.y  without  stitching,  absorbs  very  nearly  as 
much  power  as  when  the  machines  are  stitching.  Printing 
machines,  if  they  are  in  motion  at  all,  absorb  about  the 
same  power,  whether  they  are  printing  or  not.  Tools  used 
in  engineering  manufacture  are  not  more  efficient  than 
those  used  in  other  industries.  The  insertion  of  the  tool 
into  the  work  in  a  turning-lathe  produces  a  surprisingly 
small  variation  in  the  current  required  to  drive  the  lathe. 
The  same  is  true  to  an  even  greater  extent  in  the  case  of 
planing  machines,  and  to  a  less  extent  in  the  case  of  milling 
machines. 

It  is  easy  to  design  a  series  motor  so  as  to  give  a  varia- 
tion of  power  which  is  amply  sufficient  to  cover  the 
fluctuations  arising  from  variations  in  work  done  by  the 
machine,  and  to  maintain  the  speed  within  a  range  of 
variation  similar  to  that  which  occurs  in  all  belt-driven 
machinery ;  and  this  can  be  done  with  a  very  slight  varia- 
tion in  the  efficiency  of  the  motor.  The  necessarily  high 
resistance  of  motors  of  the  size  under  consideration,  and 
their  relatively  low  efficiency  even  under  the  best  conditions, 
puts  practically  out  of  account  any  risk  of  damage  from 
the  motor  running  away  when  lightly  loaded.  Many  starting 
switches  are  now  in  use  with  magnetic  devices  for  cutting 
off  the  supply  when  the  current  falls  below  a  desired 
minimum  or  rises  above  a  desired  maximum,  and  there 
need  be  no  fear  of  damage  on  this  score. 

The  insurance  companies  are  beginning  to  take  an 
interest  in  the  subject  of  electric  driving,  and  care  must  be 
taken  by  engineers  and  all  concerned  that  they  are  not 
allowed  to  impose  absurd  restrictions,  such  as  have  so  much 
hindered  the  proper  development  of  electric  wiring  arrange- 
ments. In  Glasgow  so  far  there  is  not  much  of  which  to 
complain,  but  already  proposals  have  been  made  by  in- 
surance  companies  which   tend   to   injuriously  affect  the 
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convenience  and  efficiency  of  electric  motor  arrangements: 
The  best  way  to  deal  with  the  companies  in  such  matters 
is,  while  treating  them  confidentially  in  the  way  of  explain- 
ing what  are  the  real  dangers  and  how  they  ought  to  be 
avoided,  and  giving  them  every  encouragement  to  insist 
upon  good  workmanship,  to  be  perfectly  firm  in  refusing 
to  adopt  any  absurd  measures,  such,  for  example,  as  placing 
motors  on  insulated  non-combustible  bases. 

The  indications  are  that  the  enclosed  motor  is  likely  to 
be  largely  adopted  in  preference  to  the  open-type  machine ; 
and  on  the  whole  this  is  quite  a  defensible  preference,  but 
it  must  not  be  forgotten  that  the  enclosed  motor  is  a  less 
efficient  machine  than  the  open  motor. 

The  starting  switch  is  a  much  more  probable  source  of 
danger,  and  in  fact  much  yet  remains  to  be  done  from  the 
designers'  and  manufacturers'  standpoint  to  make  the  start- 
ing switch  even  for  small  motors  a  thoroughly  satisfactory 
article.  The  liquid  switches  largely  employed  in  connection 
with  some  of  the  electric  lighting  stations  seem  on  the  whole 
to  give  satisfactory  results,  but  the  arrangement  is  more 
cumbrous  and  expensive  than  it  ought  to  be,  and  is  too 
liable  to  get  out  of  repair  from  corrosion,  or  to  become 
ineffective  from  evaporation  of  the  liquid.  The  American 
types  of  wire  starting  switches  which  have  been  largely 
imported  into  this  country  are  not  satisfactory,  and  in  fact 
the  problem  is  still  an  open  and  unsolved  one. 

The  enlightened  policy  now  being  followed  by  the 
Glasgow  Corporation  electrical  engineer  is  likely  to  result 
in  a  very  large  demand  for  motors,  and  it  would  appear  that 
there  is  here  a  more  interesting  and  productive  field  of 
enterprise  for  the  electrical  engineer,  as  distinguished  from 
the  wireman,  whose  reputation  is  as  good,  and  his  character 
no  better  than  it  ought  to  be. 

There  are  a  thousand  interesting  problems  awaiting 
solution  at  the  hands  of  electrical  engineers  for  the  appli- 
cation of  electric  power  to  all  departments  of  industry,  and 
there  is  now  no  lack  of  interest  on  the  part  of  the  public,  so 
that  an  intelligent  and  skilful  application  to  the  problem 
will  certainly  result  in  profit  to  those  engineers  who  have 
the  ability  to  solve  it. 
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DESCRIPTION  OF   CURVES. 


[Glasgow, 


These  curves,  the  object  of  which  is  to  compare  the  performance  of 
the  same  motor  when  the  magnets  arc  (i)  series  wound,  and  (2)  shunt 
wound,  are  calculated  from  a  small  motor,  the  maximum  load  of  which 
would  be  about  8  amperes.  It  has  been  chosen  with  fairly  high  resist- 
ance both  in  the  magnets  and  in  the  armature,  as  the  results  of  these 
resistances  on  the  curves  are  then  more  easily  visible.  In  either  case 
the  abcissaj  are  amperes  and  the  curve  is  carried  to  the  maximum  cur- 
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Fig.  I. 

rent  which  the  motor  resistance  would  let  through  when  the  armature 
is  standing  still. 

Curve  No.  i  is  plotted  with  revolutions  per  minute  as  ordinates. 
„     No.  2  with  effective  watts  „  „  „ 

„     No.  3  with  C^R  losses  „  „  „ 

„      No.  4  the  torque  „  „  „ 

„      No.  5  the  efficiencies  „  „  „ 

In  each  case  the  light  curve  indicates  the  performance  of  the  motor 
with  shunt  winding,  the  heavy  curve  with  series  winding. 

Curves  No.  i  and  2  are  the  more  important ;  No.  3  is  only  used  in  order 
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to  obtain  i  and  2,  whilst  4  and  5  are  derived  immediately  from  i  and  2 
and  not  directly  from  the  data  of  the  motor. 

Taking  No.  i  first,  the  interpretation  of  the  curve  is  as  follows  : — 

If  the  armature  is  held  with  a  torque  sufficient  to  prevent  its  rotating, 
the  current  will  be  about  72  amperes  in  the  case  of  the  shunt-wound 
motor,  about  25  in  the  case  of  the  series-wound  motor.  This  difference 
is  of  course  due  to  the  comparatively  large  resistance  of  the  series 
coils.  As  the  torque  is  decreased,  the  current  is  reduced  and  the  speeds 
increase  as  shown  by  the  curves.  When  we  get  to  a  current  of  about 
3-2  amperes  for  the  shunt  and  2*8  for  the  series,  the  whole  of  the  watts 
are  employed  in  driving  the  motor,  which,  as  shown  on  curve  No.  2,  has 
no  effective  watts,li.^.,  is  unable  to  do  external  work.  It  should  be  noted 
that  although  the  curves  are  continued  (dotted)  below  this  point,  show- 
ing the  speeds  at  which  the  motor  would  run  if  a  less  current  than  2*8 
and  3*2  respectively  were  allowed  to  pass,  it  is  impossible  in  this  particular 
motor  and  under  the  conditions  in  which  the  curved  are  drawn,  viz.,  a 
constant  impressed  E.M.F.,  to  obtain  any  smaller  current  than  those 
indicated  ;  the  only  way  to  do  this  would  be  to  reduce  the  E.M.F.  at  the 
terminals  of  the  motor,  which  is  contrary  to  the  conditions  under  which 
the  curves  are  drawn,  or  to  apply  a  negative  torque,  i.e.y  run  the  machine 
as  a  generator. 

Curves  No.  2  explain  themselves.  They  are  obtained  by  subtracting 
from  the  watts  impressed  on  the  motor  (i)  the  C'R  losses  as  shown  on 
curve  No.  3 ;  (2)  in  the  case  of  the  shunt  motor,  a  constant  quantity  of  160 
watts  for  shunt  excitation  ;  and  (3)  in  both  cases  an  allowance  for  core 
losses  and  friction,  which  has  been  taken  as  proportional  to  the 
speed. 

In  curve  No.  3  the  light  curve  indicates  the  CR  losses  in  the  armature ; 
the  losses  in  the  armature  when  the  motor  is  wound  as  series  will,  of 
course,  be  practically  the  same,  only  differing  slightly  because  in  the 
case  of  the  shunt- wound  motor  the  shunt  current,  in  this  case  about  1*6 
amperes,  does  not  pass  through  the  armature.  The  heavy  curve  shows 
the  combined  losses  in  the  shunt  and  in  the  series  windings. 

Curve  No.  4  is  simply  the  effective  watts  from  curve  No.  2  divided 
by  the  speed  from  curve  No.  i.  The  ordinates  shown  on  the  curve  are 
a  ratio,  and  are  not  plotted  to  any  special  unit.  This,  of  course,  is 
merely  a  question  of  scale. 

Curve  No.  5  is  the  ratio  between  effective  watts  as  shown  on  curve 
No.  2  and  the  total  impressed  watts.  It  is  interesting  to  note  that  the 
efficiency  of  the  series  motor  is  higher  than  the  shunt  at  low  currents 
when  the  C'R  losses  in  the  series  are  small,  the  losses  in  the  shunt 
remaining  constant  throughout  the  range.  As  the  current  increases, 
the  C'R  losses  in  the  series  soon  reach  the  value  of  this  constant  shunt 
loss  and  then  rapidly  exceed  it.  This  is  the  cause  of  the  efficiency 
curves  and  the  effective  watts  curve  dropping  away  rapidly  and 
finishing  at  25  amperes  in  the  case  of  the  series,  whilst  they  are 
prolonged  to  72  in  the  case  of  the  shunt. 

Mr.  W.  B.  HiRD  described  the  curves  which  Mr.  Mavor  referred  to 
in  the  course  of  his  paper. 
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Mr.Chamcn  ^r.  W.  A.  Chamen  said  that  the  thanks  of  the  meeting  were  due  to 

Mr.  Mavor  for  the  paper,  which,  although  very  short,  contained  matter 
of  the  greatest  interest.  He  did  not  quite  follow  Mr.  Mavor  in  some  of 
the  cases  where  series-  appeared  better  than  shunt-motors,  and  would 
like  to  know  if  the  curves  were  plotted  from  experimental  data  or  from 
calculated  results.  He  had  always  thought  that  a  series-motor  was  the 
thing  for  sudden  bursts  of  load,  but  from  the  diagrams  it  seemed  that 
shunt-motors  would  be  far  better  in  such  cases.  He  mentioned  that  fb 
him  personally  a  more  interesting  point  was  the  method  of  switching 
the  motor  on  and  off,  and,  although  there  were  many  different  types 
of  gear  for  this  purpose,  some  of  them  seemed  needlessly  complicated 
and  no  better  suited  to  the  purpose  than  a  much  simpler  arrangement. 
An  arrangement  which  he  used  for  a  long  time  he  sketched  on  the 
board,  and  he  said  that  it  was  both  simple  and  very  satisfactory.  He 
emphasised  the  importance  of  getting  the  shunt  fully  excited  before  the 
armature  circuit  was  fully  closed,  and,  as  would  be  seen  from  the  sketch, 
this  switch  met  this  requirement.  He  also  pointed  out  that  an  automatic 
shut-off  switch  was  essential  for  shunt-motors,  as  machines  were  often 
placed  in  positions  where  the  supply  might  from  some  cause  be  stopped 
temporarily,  and  if  there  were  no  shut-off  switch  the  consequences 
might  be  serious  when  the  supply  recommenced. 

Professor  A.  Gray  stated  that  it  was  a  most  interesting  paper  and 
he  had  learned  much  from  listening  to  it,  but  before  discussing  it  or 
making  any  remarks  he  would  have  liked  to  have  an  opportunity  of 
carefully  reading  it  through.  He  thought  the  paper  a  good  illustration 
of  how  interesting  and  important  facts  could  be  condensed  into  diagrams, 
and  he  had  studied  them  with  the  greatest  interest. 

Mr.  CoATES  pointed  out  that  in  some  machines  there  was  a  great 
difference  between  no-load  and  full-load,  as,  for  instance,  in  hay-cutting 
and  oat-crushing  machines. 

Professor  W.  H.  Watkinson  thought  that  series-motors  were  only 
suitable  when  the  load  was  constant,  as  the  speed  was  not  so  easily 
regulated.  He  referred  to  the  difficulty  in  getting  speed  variation,  and 
pointed  out  that  in  many  industrial  operations  variable  speed  with 
constant  torque  would  be  necessary,  yet  so  far  there  seemed  do 
effective  method  of  obtaining  that  in  a  satisfactory  manner,  although 
he  understood  that  Mr.  Ferranti  had  recently  devised  a  motor  to  over- 
come this  difficulty,  and  he  should  very  much  like  to  have  particulars 
of  it. 
Mr.  Stewart.  Mr.  A.  STEWART  mentioned  that  he  had  made  some  investigations  to 
ascertain  how  far  it  was  possible  to  obtain  speed  regulation  with  shunt- 
machines  by  introducing  a  resistance  into  the  field-coils  and  so  reducing 
the  available  magnetic  induction.  In  some  types  of  machines  it  was 
possible  to  obtain  25  per  cent,  increase  of  speed,  while  with  others  only 
a  slight  increase  was  possible,  further  experiment  being  stopped  by 
injurious  sparking  at  the  brushes. 
Mr.  Mavor.  Mr.  H.  A.  Mavor,  in  reply,  said  that  the  curves  accompanying  the 

paper  were  plotted  from  calculated  results,  and  pointed  out  that  in 
practice  the  motor  would  not  probably  be  carried  through  the  range  of 
load  shown  on  the  curves ;  they  were  drawn  to  give  a  more  complete 
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grasp  than  is  usually  available  of  the  comparative  characteristics  of  **'•  ^^^^o'- 
shunt-  and  series-motors.  The  curves  are  plotted  on  the  lines  which 
have  been  adopted  for  recording  the  characteristics  of  street  rail-motors. 
He  stated  that  the  arrangement  of  switching  the  motor  on  and  off  was 
familiar  to  him,  but  that  he  did  not  consider  it  safe  to  leave  a  high- 
tension  armature  in  circuit  without  including  also  in  the  circuit  a  non- 
inductive  resistance  through  which  the  current  could  die  down  on 
switching  off. 

In  reply  to  Mr.  McWhirter,  Mr.  Mavor  pointed  out  that  the  power 
required  to  drive  shafting  and  gearing  in  a  bench  of  sewing-machines 
bore  so  large  a  relation  to  the  total  power  required  that  he  did  not 
think  it  would  be  found  that  there  would  be  any  injurious  racing  with 
decrease  in  the  load.  In  reply  to  Mr.  Coates,  he  pointed  out  that  the 
machines  which  he  had  specially  referred  to  as  being  inefficient  users 
of  power  were  engineering  tools  where  a  considerable  amount  of 
gearing  was  introduced  between  the  power  and  the  work,  both  for 
feed  and  traverse,  and  that  it  was  in  such  cases  as  these  that  the  power 
actually  expended  on  cutting  bore  a  comparatively  small  relation  to  the 
total  power  delivered  to  the  machine.  In  reply  to  Professor  Watkinson, 
he  stated  that  he  was  not  conversant  with  the  details  of  Mr.  Ferranti's 
arrangement  for  speed  variation,  but  that  it  was  not  difficult  to  design  a 
motor  the  speed  of  which  could  be  varied  by  adjustment  of  the  brush 
position,  and  instanced  cases  where  this  had  been  done  and  also  where 
the  electromotive  force  given  by  a  dynamo  had  been  varied  from  full 
voltage  to  non-excitation  without  sparking. 
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INAUGURAL  ADDRESS    BY  THE  CHAIRMAN. 

Delivered  May  15,  1900,  by 

A.  W.  Heaviside,  Member. 

Introduction. — In  addressing  you  at  this  the  first 
meeting  of  the  Newcastle  Section  of  the  Institution  of 
Electrical  Engineers,  I  have,  in  the  first  place,  to  thank 
you  for  the  unexpected  honour  you  have  bestowed  uj)on 
me  in  electing  me  your  first  chairman.  There  are  other 
members  of  this  Worshipful  Company  worthier  than  I, 
whose  modesty  has  thrust  the  unaccustomed  duties  upon 
me  ;  but,  having  accepted  the  position,  I  will  do  what  I  can 
to  further  the  success  of  this  Section  of  the  Institute,  whose 
interests  are  those  of  the  fascinating  industry  in  which  we 
are  all  engaged,  in  such  fashion  as  my  slender  attainments 
will  permit. 

I  have  thought  that  as  the  establishment  of  a  Section 
of  the  Institute  in  the  ancient  city  of  Newcastle-on-Tyne 
earmarks  both  the  place  and  the  time,  that,  perhaps,  it 
would  not  be  altogether  uninteresting  to  the  members  if 
an  effort  were  made  to  locate  in  some  degree  the  position 
held  by  the  District,  of  w^hich  this  city  is  the  centre,  in  the 
electrical  industry.  To  do  this,  by  way  of  historical  intro- 
duction, it  is  not  necessary  to  go  back  to  Thales  of  Miletus 
and  his  excited  amber,  but  only  to  a  more  recent  period 
which  is  scored  all  over  with  the  honourable  marks  ol 
discoveries  and  inventions  which  have  mainly  assisted  in 
making  electricity  the  servant  of  man. 

Who  Built  up  the  Telegraph. — As  we  all  know,  the 
pioneer  industry  is  that  of  the  electric  telegraph,  which  knits 
the  world  together,  and  is  both  the  oldest  and  at  present 
the  most  indispensable  of  all  the  applications  of  electricit}'. 
Like  our  venerable  Queen,  it  came  to  the  throne  in  1837, 
where,  similarly,  it  has  reigned,  with  ever-increasing  benefi- 
cence, ever  since.  In  the  circumstances,  and  out  of  reverence 
for  those  who  have  done  so  much  to  aid  present  successes, 
a  few  moments  can  be  well  spared  for  just  a  glance  at  the 
discoveries  and  inventions  needed  for  the  evolution  of  the 
electric  telegraph  in  its  simplest  form.  All  that  is  needed 
to  signal  the  thoughts  of  the  community  from  one  place  to 
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another  is  the  combined  use  of  three  things,  built  up  of 
many  parts — 3,  source  of  electricity,  a  conductor  of  elec- 
tricity, and  an  indicator  of  electricity.  Simple  enough  in 
these  modern  days :  every  electric  bell-hanger  knows  that, 
and  sometimes  knows  how  to  do  it  !  But  consider  what 
a  mountain  of  labour  and  patient  investigation  over  more 
than  a  century,  from  1729  to  1837,  before  the  discoveries  of 
great  men  were  combined  by  the  Inventor  in  the  produc- 
tion of  a  practical  electric  telegraph. 

Just  look  askance  over  one's  shoulder  down  the  back 
entry  of  time.  There  are  always  the  shadowy  forms  loom- 
ing largely  on  the  horizon  of  Gray,  an  Englishman,  who, 
in  1729,  discovered  the  difference  between  conductors  and 
insulators,  using  moistened  pack  thread  for  the  former,  and 
silk  loops  for  the  latter;  of  our  great  Anglo-American 
Franklin,  who,  in  1752,  with  his  kite  in  the  sky,  conducted 
the  lightning  to  the  earth,  thus  establishing  its  identity  with 
electricity  ;  of  Galvani  and  Volta,  the  eminent  Italians,  who, 
from  1786  to  1789,  developed  one  source  of  electricity, 
namely,  "the  Chemical  Battery."  Here  we  may  pause 
for  a  moment,  having  learnt  in  seventy  years  how  to  pro- 
duce and  how  to  conduct  electricity  in  an  elemental 
manner.  Then  comes  the  achievement  of  a  practical 
indicator  of  electricity — how  to  get  it  ? — a  somewhat  com- 
plex problem.  A  needle,  or  armature  of  steel  or  iron, 
magnetised  permanently  or  temporarily  from  any  source, 
and  responsive  to  every  change  in  its  electrical  environment, 
yet  controlled  by  man,  a  thing  that  no  one  at  that  time 
knew  anything  about  practically,  in  a  combined  sense, 
though  many  lent  wings  to  their  imaginations  in  the  effort 
to  mentally  satisfy  the  problem. 

The  Magnetic  Needle. — I  promised  not  to  go  so  far 
back  as  Thales  of  Miletus,  but,  again,  reverence  for  the  past 
unexpectedly  commands  that  I  should  go  back  farther  still, 
but  just  for  one  moment,  if  only  to  say  that  the  ancient 
Chinese  in  past  ages  apparently  knew  all  about  its  properties. 
So  to  start  fair,  we  find  that  Oersted,  the  Dane,  in  18 19, 
with  the  magnetic  needle  ready  to  his  hand,  made  the  first 
step ;  he  deflected  his  needle  by  means  of  a  current  in  a 
wire  parallel  with  it,  proving  that  currents  and  magnets 
have  similar  properties,  whilst  Ampfere,  the  renowned 
Frenchman,   in    1820,  made  another  step  by  discovering 
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that  a  suspended  coil  of  wire  carrying  a  current  was  a 
magnet.  Then  France,  in  the  same  year,  in  illustrious 
Arago,  provided  another  link  by  temporarily  magnetising  soft 
iron  during  the  presence  of  the  current ;  finally  Sturgeon, 
the  sturdy  Englishman,  in  1825,  made  a  last  fundamental 
step,  by  placing  soft  iron  into  Ampere's  coil,  produced  the 
electro-magnet  of  to-day,  which  in  conjunction  with  a 
needle,  or  armature,  is  the  basis  of  telegraphy  and  many 
other  things. 

The  Invention  of  the  Telegraph.— The  mental 
activity  of  the  twelve  years  following,  which  gave  a  clearer 
grasp  of  the  laws  of  electrical  action,  is  marked  by  the  mere 
mention  of  the  names  of  such  giants  in  science  as  Gauss, 
Weber,  Coulomb,  Faraday,  Henry,  and  Neumann,  who  also, 
in  one  way  or  another,  contributed  to  the  almost  simultaneous 
invention  of  practical  electric  telegraphs  in  three  great 
countries,  viz.,  England,  Germany,  and  the  United  States 
of  America  in  the  year  1837.  June,  of  that  year,  gave  the 
world  Cooke  and  Wheatstone's  5-needle  telegraph  ;  July, 
Steinheils'  needle,  bell,  and  printed  marks  telegraphs ;  and, 
October,  Morse's  marks  embossed  on  paper.  With  many 
apologies  to  the  names  of  the  unnamed  illustrious  ones,  I 
must  conclude  this  stride  over  a  century  and  endeavour  to 
show  Newcastle's  place  in  telegraphy  and  kindred  things. 
But  in  passing,  I  would  beg  you  to  observe,  incomplete 
though  the  list  may  be,  how  suggestive  is  the  array  of 
names  and  countries  to  which  the  contributors  belong. 
How  ubiquitous  is  science  and  its  votaries  1  What  a  true 
cosmopolitanism  and  universal  brotherhood  exists,  which 
took  the  Institute  to  Switzerland  last  year,  and  will  certainly 
take  most  electrical  engineers,  including  myself,  to  Paris 
this  year ! — forgetful  of  yellow-press  politicians  and  their 
narrow  statesmanship,  which  contract  the  humanities  and 
tend  to  embitter  one  nation  against  another.  I  am  sure 
that  my  audience  is  with  me  in  crying,  "Away  with  all  such 
narrow  and  sordid  feelings ;  let  us  breathe  a  purer  atmo- 
sphere on  a  higher  platform  ! " 

The  Application  of  the  Telegraph. — In  1837,  ^^  I 
have  said,  a  practical  5-needle  telegraph  was  invented,  but 
was  soon  simplified  to  two  needles  only.  This  invention 
was  slow  of  appreciation,  for  seven  years  elapsed  before  a 
Joint-Stock  Company  was  established  to  exploit  it.     How- 
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ever,  in  1844,  the  Electric  Telegraph  Company  started  the 
combined  railway-and-public-service,  and  in  two  years  their 
operations  extended  to  this  neighbourhood,  where  they 
established  a  double-needle  circuit  from  Gateshead  to  York. 
At  that  time  thirteen  shillings  and  fourpence  was  charged 
for  a  message  of  twenty  words  from  Gateshead  to  London, 
vid  York.  The  basis  of  this  charge  needs  to  be  placed  on 
record.  One  penny  per  mile  for  the  first  fifty  miles,  one 
halfpenny  per  mile  for  the  second  fifty  miles,  and  one 
farthing  for  every  additional  mile,  with  certain  extras  for 
porterage  and  addresses.  Now,  as  is  well  known,  since 
1885,  twenty  words  cost  sixpence  to  any  place  in  Great 
Britain  and  Ireland.  The  nimble  sixpence  is  the  key  to 
the  carriage  of  lightning  thoughts  throughout  the  land.  In 
1849  the  high-level  bridge  across  the  Tyne  was  completed, 
and  with  it  came  the  establishment  of  an  office  on  the 
Sandhill,  about  the  site  of  Gosmas'  restaurant.  Newcastle's 
first  direct  connection  with  the  Metropolis  was  in  1851, 
when  it  was  temporarily  established  with  the  first  Inter- 
national Exhibition  in  Hyde  Park.  The  double-needle 
now  began  to  give  way  to  the  single-needle  and  the  Bain 
Chemical  recorder,  which  were  succeeded  by  the  Morse 
embosser  in  1858.  In  1853-4  the  Magnetic  Telegraph 
Company,  using  High  ton's  single-needle  and  Bright's 
acoustic  bell  system,  a  forecast  of  the  American  sounder, 
came  to  Newcastle  with  transmitting  centres  at  Leeds  and 
Carlisle,  competitively  reducing  the  before-named  thirteen 
and  fourpence  to  three  shillings  as  the  Newcastle-London 
rate.  Another  ten  years,  and  1864  saw  the  shilling,  or 
United  Kingdom  Telegraph  Company  in  local  existence, 
using  the  Morse  printer  and  the  beautiful  Hughes  type- 
writer, invented  in  1853-4-5,  which  brought  to  Professor 
Hughes  honourable  distinction  in  every  civilised  country 
but  his  own. 

But  in  1867  a  great  advance  was  made  :  up  to  this  time 
the  usual  controlling  force  in  all  signalling  by  battery 
contact,  or  interruption,  was  the  hand  of  the  operator 
which  limited  the  speed  of  working  on  any  wire  to  thirty 
or  forty  words  per  minute  at  most.  Wheatstone  knew  that 
the  speed  of  electric  travel  and  the  carrying  power  of  the 
wire  were  beyond  the  needs  of  man,  whilst  the  work  then 
got  out  of  the  wires  was  below  man's  needs.     His  problem 
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was  to  save  both  new  wires  and  time  by  the  introduction  of 
a  mechanical  device,  by  means  of  which  an  electric  battery 
contact  could  be  made,  broken,  or  reversed  with  great 
speed.  These  battery  contacts  represented  signals,  the 
familiar  dot-and-dash  of  the  Morse  alphabet,  which  were 
recorded  on  a  paper  tape  at  one  or  more  places  simul- 
taneously. He  achieved  this  by  first  punching  through  a 
paper  tape  a  series  of  contact-holes  to  correspond  with  the 
dots  and  dashes  which  form  the  alphabet,  and  by  passing 
this  tape  through  a  clockwork  reversing  battery  contact- 
maker,  transmitted  long  or  short  currents  along  the 
conductor  which,  at  the  distant  end,  entered  an  electro- 
magnetic receiver,  whose  responses  were  recorded  in  dot- 
and-dash  ink  marks.  This  invention  was  worked  out  by 
the  aid  of  that  most  estimable  gentleman,  Mr.  Augustus 
Stroh,  a  veteran  pioneer  in  the  scientific  construction  of  all 
philosophical  and  electrical  apparatus,  whose  understanding 
of  means  to  an  end  in  electrical  mechanisms  stands  pre- 
eminent. This  Wheatstone  automatic  apparatus  was  first 
introduced  for  practical  work  in  this  country  between 
Newcastle-on-Tyne  and  London,  Edinburgh  and  Glasgow 
following  after.  Daily  practical  work  is  carried  on  with  it 
at  a  normal  speed  of  330  words  per  minute  on  the  local 
wires  of  this  district,  and  between  London  and  Birming- 
ham, 600  per  minute.  Of  course,  if  duplexed,  these  figures 
become  about  550  and  1,000  respectively. 

In  1870  the  Post  Office  acquired  the  telegraphs  and 
introduced  universal  shilling  telegrams,  followed  in  1885 
by  sixpenny  telegrams.  By  the  kindness  of  Mr.  T.  Steven- 
son and  Mr.  A.  Mellersh,  the  Post  Office  surveyors  of  this 
district,  I  am  able  to  give  the  following  figures  of  the 
traffic  of  this  district  for  the  year  ending  March  31,  1900  :— 

Telegrams : — Forwarded.      Received.    Transmitted.       Total. 

3,034,030     3,^93,890     2,523,971      8,751,891 

The  first  column  is  the  money-earning  one,  and  shows  that, 
taking  the  population  of  the  district  at  2,000,000,  rather 
more  than  i  J  messages  per  head  of  the  population  originate 
in  the  district  per  annum,  but  taking  the  forwarded  and 
ecaivad,  the  traffic  of  the  district  is  rather  more  than  three 
per  head  of  the  population.  The  wires  provided  in  the 
district  by  the  Engineers'   Department  amount  to   14,889 
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miles,  carried  along  1,794  miles  of  route ;  287  post  offices 
absorb  823  sets  of  telegraph  apparatus,  and  1,244  private 
offices  absorb  1,418.    The  National  Telephone  Company's 
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amount  to  about  5,000  Exchange  connections,  using  6,657 
miles  of  wire  serving  32  Exchanges.  Figure  i  shows  the 
telegraph  offices  in  direct  communication  with  Newcastle 
at  the  present  time,  equalling  155,  served  by   104  wires, 
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exclusive  of  wires  that  pass  through   Newcastle   en    route 
for  other  places. 

To   continue  our  story,  of   course  duplex  and  quadru- 
plex  telegraphy   are    largely   employed.      Gintl,    in     1853, 
invented    duplex    telegraphy,   but   it   did    not  come    into 
practical  use  until  Stearns  applied  a  counter  Kick  condenser 
to  it  in    1873.     O.  Heaviside   suggested   quadruplex    tele- 
graphy, which  was  developed  by  Edison  and  others,   and 
was  followed  by  the  multiplex  of  La  Cour  and  Delaney. 
In  duplex  telegraphy,  as  we  all  know,  the  outgoing  current 
divides   equally   upon    the    apparatus   nullifying  local    re- 
sponses ;  consequently  it  is  left  free  to  respond  to  currents 
from   the  distant  end  only.     Quadruplex   is  the  addition 
to  the  latter  of  currents  of  two  strengths,  with  selective 
apparatus  at  each  end,  which  responds  only  to  the  current 
suited   to   it.      In   multiplex  telegraphy,   six  or   more    in- 
struments  are   synchronously  and   successively  connected 
to  one  wire  with  such  short  intervals  between  each  con- 
nection that  practically  each  operator  has  an  independent 
use  of  the  wire.     Newcastle  has  not  risen  to  the  dignity  of 
the  use  of  this  apparatus  at  present.     The  search  for  various 
methods  of  multiplex  telegraphy  led  to  the  use  of  vibrating 
reeds  of  different  responses.     A  reed  may  be  a  tongue  of 
iron  before  an  electro-magnet.     Here  we  have  the  magnetic 
telephone  in  nubibus.    The  tongue  may  respond  to  vocal 
vibrations  and  be  developed  into  a  membrane  of  disc  shape 
still   more  responsive.      It   is  remarkable   that  there   is  a 
mysterious  connection  between  the   search   for   multiplex 
telegraphy  and  telephony,  which  just  preceded  the  inven- 
tion of  the  telephone. 

The  Great  Northern  Telegraph  Company. — It  may 
be  usefully  mentioned  here  that,  in  1868,  the  importance  of 
Newcastle-on-Tyne  telegraphically  was  greatly  increased  in 
consequence  of  the  Anglo-Danish,  now  Great  Northern, 
Telegraph  Company  commencing  operations.  Their  first 
cable  was  laid  in  1868,  by  Mr.  R.  S.  Newall,  between 
Newbiggin-by-the-Sea  and  Sondervig  on  the  west  coast  of 
Jutland,  335  nautical  miles.  The  second  cable  was  laid  in 
1873,  between  Newbiggin  and  Hirtsholson  on  the  same 
coast,  430  nautical  miles.  The  third  cable  was  laid  in  1880, 
between  Newbiggin  and  Arendal  in  Norway,  520  nautical 
miles;   and  their  fourth  and  last  cable  was  laid  in  1890, 
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between  Newbiggin  and  Marstrand  in  Sweden,  509!  nautical 
miles.  In  addition  this  Company  have  two  land  lines  to 
London,  and  one  to  Peterhead  in  Scotland,  in  connection 
with  another  submarine  cable  to  Norway.  The  apparatus 
employed  is  one  of  remarkable  delicacy  (a  first  cousin  to 
Lord  Kelvin's  siphon  recorder,  which  is  still  more  sensitive), 
called  the  undulator.  Indeed,  so  sensitive  is  the  arrange- 
ment which  works  through  the  cables  and  the  land  lines  to 
Scandinavia  at  a  normal  speed  of  80  words  per  minute 
simplex  and  120  duplex,  that  great  care  has  to  be  taken  to 
avoid  lateral  inductive  effects.  Mr.  John  Mygind,  who  has 
ably  administered  locally  the  affairs  of  this  Company  since 
1868,  can  only  view  the  introduction  of  electric  traction  with 
apprehension. 

The  Commercial  Cable  Company  and  the  Anglo-American 
Cable  Company  have  each  land  wires  to  Newcastle  to  feed 
their  cables. 

Going  back  to  1859-60,  at  this  time  the  Universal  Private 
Telegraph  Company  exploited  the  Wheatstone  ABC  telegraph 
for  private  conversation  at  a  rental.  This  was  introduced 
into  Newcastle  in  1863.  Out  of  it  developed  the  ABC 
Exchange  system,  by  which  private  circuits  converging  on 
a  centre  were  joined  together  for  conversational  purposes. 
This  was  the  forerunner  of  all  telephone  exchanges. 
Printing  Court  Building  is  the  historic  spot  where  this 
was  first  done  in  this  country  in  1864.  Sir  William 
Armstrong  and  Company,  Thompson  and  Boyd,  and 
Charles  Mitchell  and  Company  were  the  first  to  keenly 
realise  its  advantages.  This  magneto-electric  telegraph  took 
eighteen  years  to  develope,  from  1840  to  1858,  and  again 
the  hand  of  Stroh  helped  Wheatstone.  This  instrument  is 
really  the  baby  of  the  alternating  inductor  dynamo  of 
Mordey  and  others  of  to-day. 

But  in  1877  came  the  epoch-making  telephone,  the 
receiver  perfect  at  a  bound  from  the  hand  of  Bell,  our 
Anglo-American.  Alexander  Graham  Bell  somehow  stepped 
in  front  of  Elisha  Gray,  who  was  first  in  the  field.  The 
instrument  has  appealed  more  powerfully  to  the  mind  of 
the  thinker  as  a  physical  demonstrator  of  the  existence  of 
electrical  vibrations  than  anything  before  and  up  to  the 
time  of  Herz  in  1887.  This  instrument  made  the  detection 
of  long-distance  induction  practical  for  telegraph  purposes, 
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and  preceded  the  no  less  extraordinary  detector  of  Branly 
and  others  called  the  coherer.  So  great  was  the  interest 
excited  by  the  invention  of  the  telephone,  that  in  May,  1877, 
two  of  my  staff,  Mr.  Frank  Reid  and  Mr.  W.  R.  Smith, 
needed  no  initiative  to  make  the  first  telephones  in  this 
district  from  parts  of  the  ABC  telegraph.  In  September  of 
the  same  year  Alexander  Graham  Bell  paid  a  stimulating 
visit  to  Newcastle,  where  already,  with  all  our  might,  we 
were  trying  to  understand  the  sometime  called  "philoso- 
phical toy."  What  to  do  with  it,  the  pesky  thing,  with  its 
marvellous  sensitiveness  ?  How  to  get  it  under  control  ? 
It  was  such  a  libertine  in  tapping  all  hitherto  invisible  and 
unknowable  electrical  procedures,  showing  that  beneath  the 
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outward  calm  the  Heavens,  the  Earth,  and  the  whole 
Cosmos  were  in  ceaseless  activity  of  vibration,  partly 
Nature's,  and  partly  that  part  of  Nature,  Man's. 

A  little  bit  of  soft  iron  encircled  with  wire  and  a  wee 
ferrotype  iron  diaphragm  fixed  in  a  case  became  the 
revealer  of  the  mysteries  until  then  only  deductively 
dreamed  of  by  the  physicists,  such  as  Maxwell,  Lord 
Kelvin,  and,  perhaps  I  may  be  permitted  to  add,  Oliver 
Heaviside,  and  others,  running  riot  with  the  imagination 
of  all  investigators  and  forecasting  that  in  the  long  run  there 
is  no  articulate  secret  that  may  be  unknown,  the  irrepressible 
telephone  picking  up  all  vagrant  sounds  of  mechanical  or 
electrical  origin,  like  the  sleepless  Fury  Tisiphone  at  the 
gate,  always  on  the  watch  to  record,  but  not  to  avenge ! 


Digitized  by  LjOOQ  IC 


1900.]  TO  NEWCASTLE   LOCAL  SECTION.  909 

The  Microphone.— Then  Hughes,  in  1878,  crowned 
the  telephonic  edifice  with  the  invention  of  the  pencil 
microphone,  nearly  as  we  now  have  it,  making  a  gift  of  it 
to  the  world,  thus  paying  tribute  to  humanity,  as  he  has 
since  done  by  bequeathing  his  great  wealth  to  the  London 
hospitals.  Of  course  from  the  first  the  days  of  the  ABC 
were  numbered,  and  the  problem  how  to  get  the  telephone 
under  control  stared  one  in  the  face.  Just  let  us  consider 
the  place  the  telephone  has  in  the  world. 

Definition  of  Telegraphy. — Electric  Telegraphy  is  the 
transmission  and  reception  by  electrical  agency  of  inarticu- 
late thoughts  by  a  pre-arranged  code  of  signals  representing 
the  alphabet,  say  five  signals  per  word.  It  involves  eight 
elemental  steps  : — i.  The  thought ;  2.  Its  writing  out ;  3.  Its 
conveyance  by  messenger  to  the  telegraph  office ;  4.  Its 
transmission  by  dots  and  dashes  over  the  wires;  5.  Its 
reception  by  dots  and  dashes  over  the  wires ;  6.  Its 
re-writing  out ;  7.  Its  conveyance  by  messenger  to  the 
recipient ;  8.  The  understanding  of  the  written  thought  by 
the  recipient.  4,  5,  and  6  may  be,  and  are,  multiplied 
enormously  by  repetition  where  the  service  is  indirect. 
Though  clumsy,  it  has  done  and  does  good  work,  is 
interesting  in  its  complexity  and  limited  in  application. 

Definition  of  Telephony. — Electric  Telephony  is  the 
instantaneous  interchange  by  electrical  agency  of  vocalised 
thoughts,  charming  in  its  simplicity.  It  sufficeth  not  in  this 
country  through  the  greed  of  monopolists  and  imperfections 
in  exploitation.  This  time  will  cure,  as  in  application  it  is 
unlimited.  The  house-to-house  telephone,  nay,  the  room- 
to-room  telephone  is  its  inevitable  goal.  From  May,  1877, 
to  December  24th,  1880,  much  telephonic  research  work 
that  would  take  too  long  in  the  telling  was  done  at  Newcastle, 
as  well  as  elsewhere. 

As  it  is  with  Newcastle  that  we  are  mostly  concerned  in 
this  address,  it  behoves  one  to  touch,  alas !  too  lightly,  in 
this  lightning  survey  on  what  was  locally  done  as  the  result 
of  the  midnight  oil.  We  can  only  stop  to  record  one  obser- 
vation which,  though  it  attracted  little  attention  at  the  time, 
was  eventually  more  far  reaching  in  its  consequences  than 
any  other. 

Forecast  of  the  Bridge  System. — In  May,  1877,  a 
local  circuit  was  made  up  of  four  lines  converging  on  an 
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Umschalter  switch.  When  conversation  was  held  with  the 
pegs  inserted  as  in  Fig.  3,  A,  better  speech  was  obtained 
between  the  mechanics'  shop  and  the  battery  room  than 
when  the  pegs  were  inserted  as  in  Fig.  3,  B.  That  it  was 
so  we  knew.  Why  it  was  so  only  revealed  itself  as  time 
disclosed  its  importance. 

On  December  24th,  1880,  judgment  was  given  that  a 
telephone  was  a  telegraph.  This  opened  the  door  of  the 
department  for  its  exploitation.  In  1881  a  Post  Office 
Exchange  was  opened  at  Sunderland.  It  was  joined  up 
on  the  usual  plan  with  the  intermediate  apparatus  in 
sequence,  upon  double  wire  twisted  loops,  as  first  suggested 
by  Professor  Hughes.  The  apparatus  in  sequence  choked 
the  speech,  threw  the   line   out  of  balance,  let   in    lateral 
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induction,  undoing  the  benefit  of  Hughes'  twist.  Shift  vn& 
made  in  this  district,  as  all  over  the  world,  with  this 
arrangement,  its  imperfections  being  condoned.  With 
underground  work  it  died  at  four  miles  length  ;  by  putting 
one  intermediate  on  one  side  of  the  loop  and  another  on 
the  other  side,  its  life  was  resuscitated  to  eight  miles  of 
underground  work,  and  there  speech  stopped  dead.  But, 
as  had  already  been  proved,  there  was  one,  and  one  \\w 
only,  to  secure  telephonic  speech  unlimited  as  to  distance 
and  free  from  vagrant  sounds.  That  way  was  hidden  in  the 
elemental  principle  contained  in  Diagram  A,  which,  if  drawn 
out  straight,  threw  off  its  disguise  and  gave  this — Fig.  4— 
the  intermediate  apparatus  in  bridge  across  the  line.    Savants 
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looked  askance ;  it  abrogated  Ohm's  law ;  why,  it  short- 
circuited  the  line  ! 

Final  Survival  of  the  Bridge  System. — However, 
its  efficiency  was  drastically  put  to  the  proof  by  partial  use 
in  1881  ;  it  survived  the  whips  and  scorns  of  time,  and  was 
finally  adopted  in  ioto.  Stockton  was  the  first  exchange 
entirely  joined  up  in  this  manner ;  a  new  post  office 
involving  new  construction  was  the  opportunity.  This 
exchange  was  opened  on  the  26th  of  January,  1885.  The 
kernel  of  the  system  is  that,  by  putting  apparatus  of  great 
impedance  at  the  intermediate  points,  vocal  high-frequency 
telephonic  undulations  gave  the  short-circuit  the  go-by, 
whilst  low-frequency  call-signal  currents  operated  the  sig- 
nalling indicators  at  the  bridges  con  amove. 

The  operating  in  the  Post  Office  system  is  arranged  so 
that  over-hearing  on  the  part  of  the  switch-clerks  is 
unnecessary.  A  system  of  automatic  block-signalling  by 
means  of  needle  deflections  tells  the  operators  all  they  need 
to  know  ;  hence  all  the  conversations  are  heard  only  by 


Fig.  4. 

those  whose  property  they  are,  the  principals  in  the  transac- 
tion. The  clever  application  of  hard-earned  prior  knowledge 
ensures  business  success ;  but  if  it  leaks  by  the  way,  what 
then? 

Telephone  Trunk  Wires. — Telephone  trunk  wires 
were  early  introduced  in  this  district,  the  first  being  between 
Newcastle  and  Sunderland,  1883.  In  October,  1896,  when 
the  National  trunk  wires  became  the  property  of  the  State, 
the  Newcastle  service  had  already  reached  33,  to  which  had 
to  be  added  the  National,  giving  a  total  of  68.  Now  they 
reach  72,  and  Fig.  5  shows  to  what  towns  direct  communi- 
cation exists,  14  in  number.  If  to  this  be  added  all  the 
towns  now  served  by  telephone  trunk  wires,  the  total  is 
303.  In  the  Tees  to  Tweed  district,  for  the  year  ending 
March  31st,  the  number  of  trunk  calls  reached  3,127,689. 
Post  Office  and  National  Local  Exchange  calls  reach  about 
12,000,000  per  annum. 
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Long  Distance  Induction  by  the  Telephone. — 
Then  came  1886.  As  already  referred  to,  the  telephone 
detection  of  inductive  effects  at  long  distances  is  marked. 
This  is  the  so-called  wireless  telegraphy  of  the  electro- 
magnetic order.  It  was  always  there ;  most  people  knew 
of  it  from  the  days  of  Faraday  and  Henry  in  1831  ;  but 
what  they  did  not  know  was  its  extent,  which,  after   all. 


Fig.  5. 


depends  upon  the  force  of  the  source,  the  delicacy  of  the 
detector,  and,  to  some  extent,  the  opacity  or  transparency 
of  the  medium.  The  telephone  always  asserted  itself 
unblushingly  in  responding  impartially  to  vagrant  electrical 
effects.  In  pursuit  of  this  Will-o'-the-Wisp,  most  people's 
trouble  was  to  find  time  to  step  on  one  side  from  the  busy 
humdrum  of  life  to  follow,  much  less  exhaust,  any  one  of 
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the  many  avenues  that  revealed  fascinating  horizons  that  led 
to  the  joys  of  finding  out  Nature's  secrets  and  gave  beauty 
of  understanding. 

In  the  Newcastle  Battery  Room,  as  recorded  in  the 
Journal  of  the  Society  of  Telegraph  Engineers,  vol.  x.  p.  21, 
January  26th,  1881,  in  December,  1880,  one  had  only  to 
walk  about  tlie  room  with  a  telephone  and  a  coil  of  wire 
to  read  the  Morse  signalling  from  every  battery  in  use. 
This  work  was  resumed  in  1886  by  a  series  of  experiments 
which  had  for  their  object  the  discovery  of  four  things : 
(i)  At  what  distance  from  a  primary  parallel  could  these 
effects  be  detected  on  the  telephone  ?  (2)  How  much  of 
the  effect  was  conductive  ?  (3)  How  much  was  inductive  ? 
(4)  Were  all  bodies  transparent  to  them  ?  On  April  14th 
and  15th,  1886,  fourteen  years  ago,  on  the  Newcastle  Town 
Moor,  I  proved,  with  120  reversals  per  second  and  half  an 
ampere  of  current,  that  it  might  be  both,  or  whichever  you 
pleased — inductive  or  conductive — dependent  upon  whether 
earth-returns  or  insulated  metallic  returns  were  employed, 
also  that  where  earth-returns  were  used  the  earth  could  be 
tapped  by  driving  the  two  ends  of  four  yards  of  wire  with  a 
telephone  in  circuit  into  the  earth.  It  was  also  proved  that, 
with  a  secondary  or  with  a  primary  only  connected  to  earth 
at  one  point,  static  effects  could  be  easily  detected  though 
diminished  in  loudness.  Further,  it  was  proved  that,  if  the 
distance  from  the  primary  was  more  than  the  length  of  the 
primary,  the  effects  diminished  in  loudness  very  rapidly. 

From  this  time  until  August  15th,  1886,  the  changes 
upon  the  above  experiments  were  rung  in  many  ways, 
always  extending  the  distances,  ending  in  Morse-speaking 
across  forty  miles  of  country,  between  Shap  and  Gretna  on 
the  west  and  Newcastle  and  Jedburgh  on  the  east,  produced 
by  interrupting  the  vibrations  with  a  Morse  key.  Up  to  this 
time  the  primary  wires  were  usually  single  wires  put  to  earth 
at  each  end,  and  the  secondaries  insulated  squares  or  rect- 
angles, and  the  difficulty  was  to  get  a  space  large  enough  to 
lay  out  insulated  wires  on  the  surface  without  exciting  the 
hostility  of  the  tenants  of  the  Northumberland  Moors. 
However,  Mr.  Hugh  Andrews,  of  Swarland  Park,  came  to 
the  rescue  and  placed  his  estate  at  my  disposal. 

Proof  Inductive,  not  Conductive.— Here  it  was,  in 
the  last  week  of  August,  1886,  that  with  two  miles  of  in- 
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sulated  wire  laid  out  as  two  squares  of  quarter-mile  sides, 
and  a  quarter  of  a  mile  apart,  or  half-mile  centres,  that 
articulate  telephonic  talk  was  inductively  held  between  one 
square  and  the  other.  Hearable  with  closed  circuits,  diffi- 
cult to  hear,  but  present,  with  open  circuits.  Of  course,  this 
test  was  with  undulatory  currents  of  microscopic  value  and 
forms  the  highest  testimony  of  the  extraordinary  sensitive- 
ness of  the  telephone.  This  was  followed  up  by  telephoni- 
cally  speaking  from  the  workings  of  Broomhill  Colliery  to 
a  triangle  of  insulated  wire,  three-quarters  of  a  mile  each 
side,  laid  roughly  parallel  over  colliery  workings,  the  medium 
for  the  waves  to  travel  being  360  feet  of  the  crust  of  the 
earth.  Of  course,  as  every  one  knows,  with  the  all-impor- 
tant addition  of  Evershed's  call,  this  electro-magnetic  system 
has  been  developed  and  applied  practically  by  Sir  William 
H.  Preece,  and  is  in  use  between  Flatholm  and  Lavernock 
in  the  Bristol  Channel. 

Coherer  Wireless  Telegraphy.— But  in  1897-8-9 
Marconi  has,  by  combining  the  labours  of  Branly,  Righi^ 
Oliver  Lodge  and  others,  coupled  with  his  own  clever 
insight  into  the  subject,  signalled  over  great  distances, 
truly  without  wires,  for  really  what  wire  he  does  use  may 
be  considered  as  part  of  his  electro-static  apparatus.  Of 
Marconi  and  his  system,  much  may  be  expected,  and  all 
present  must  rise  in  admiration  of  the  persistency  and  pluck 
of  this  young  Italian  in  experimenting  and  experimenting 
in  every  possible  way  to  achieve  long-distance  speaking  with 
practical  success. 

In  connection  with  the  coherer  which  coheres  in  response 
to  an  electric  flash,  it  is  singular  that  Mr.  Augustus  Stroh 
has  observed  something  akin  in  the  adhesion  of  surfaces 
when  traversed  by  an  electric  current  (see  the  journal  of 
the  Society  of  Electrical  EngineerSj  vol  ix.  p.  182) ;  and  it  is 
sad,  that  misguided  by  the  savants.  Professor  Hughes,  the 
cruelly-neglected  scientist  did  not  go  further  in  anticipating 
wireless  telegraphy  than  was  brought  to  light  last  year. 
It  is  a  pity  that,  like  Cavendish,  he  did  not  publish  his 
researches  at  the  time. 

We  must  now  hurry  forward  to  see  where  we  stand  with 
the  other  great  electrical  industries,  better  known  than 
telegraphs  and  telephones  in  one  sense,  arising  out  of 
their  control  not  being  that  of  the  State,  or  of  the  mono- 
polist, but  everybody's  business. 

Digitized  by  LjOOQ  IC 


1900.]  TO    NEWCASTLE   LOCAL  SECTIGX.  915 

Newcastle  Inventions.  Lord  Armstrong. — Let  us 
ask  what  is  Newcastle  famous  for  in  original  work  :  well, 
first  we  have  Lord  Armstrong's  hydro-electrical  frictional 
machine  of  50  to  60  years  ago,  showing  the  electrification 
produced  by  steam  rushing  through  an  orifice  ;  and  then 
we  have  Lord  Armstrong's  magnum  opus  of  1897  on  the 
"  Electrical  Movements  in  Air  and  Water."  Who  in  New- 
castle is  not  justly  proud  of  this  venerable  citizen,  mathema- 
tician, scientist,  engineer,  and  above  all,  one  who  does  not 
live  for  himself  alone  !  The  giver  of  parks  and  gardens,  and 
the  creator  of  the  greatest  private  arsenal  in  this  and  many 
other  countries. 

Joseph  Wilson  Swan.— Second,  in  the  order  of  date, 
comes  Joseph  Wilson  Swan,  F.R.S.,  of  Newcastle-on-Tyne, 
the  inventor  of  the  Swan  lamp  which  assumed  practical 
form  in  the  autumn  of  1880.  From  the  days  of  King,  in 
1845,  to  the  days  of  Swan,  in  1878-80,  many  tried  their 
hands  at  getting  light  from  incandescent  platinum,  or 
carbon  in  vacuo.  But  whilst  all  they  did  established  the 
soundness  of  the  principle,  nothing  they  did  brought  more 
than  disappointment  from  a  practical  point  of  view.  Mr. 
Swan  himself  laboured  and  experimented  with  the  incan- 
descent lamp  in  the  decade  1850-60  with  like  result.  He 
used  carbon  strips  in  loops  and  spirals,  carbonised  in  Wal- 
lace's Forth  Banks  pottery  kilns  in  crucibles  filled  with 
powdered  charcoal,  but  the  available  mechanical  air-pumps 
gave  a  bad  vacuum  for  such  a  purpose.  Yet,  at  this  early 
date,  Mr.  Swan  had  grasped  the  necessities  of  the  case,  a 
cheap  source  of  electricity,  an  excellent  filament,  and  a  good 
vacuum. 

By  1877-8,  the  dynamo  was  entering  upon  a  vigorous 
life.  Arc  lamps  were  being  introduced  daily,  Jablochkoff 
the  unrewarded  being  the  first.  In  1864  and  1870  Pacinotti 
and  Gramme  produced  direct  currents  from  ring  armatures, 
Wilde's  dynamo  of  1866,  and  Wheatstone's  and  Siemens' 
dynamo  self-excitation  of  1867  were  beginning  to  bear  fruit. 
The  telephone  was  invented.  Plants  batteries  were  coming 
to  the  front.  In  1873-6  Crookes  had  shown  how  to  produce 
high  vacua  with  the  Sprengel  pump  in  his  beautiful  radio- 
meter. Electricity  was  in  the  air,  sparkling,  and  iridescent 
as  any  sunrise.  In  fact,  hopes  ran  high  and  the  electricians 
of  the  day  felt  how  beautiful  was  the  world  if  only  rightly 
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taken.  In  these  stimulating  circumstances  Mr.  Swan  re- 
sumed his  researches  in  incandescent  lighting,  determined 
to  solve  the  problem  of  the  hour,  viz. :  the  sub-division  of 
the  electric  light,  by  the  production  of  a  lamp  for  domestic 
use  that  would,  as  it  did,  outrival  Aladdin's  lamp  in  the 
riches  it  has  brought  its  exploiters.  Early  in  1879,  Mr. 
Swan,  whose  charming  acquaintance  the  telephone  intro- 
duced, brought  some  lamps  to  the  historic  Post-Office 
battery  room  for  measurement  of  current  and  resistance, 
when  it  was  at  once  apparent  that  filaments  made  frona 
cardboard  parchmentised  and  carbonised  were  unsatisfactory, 
their  resistance  was  low,  the  current  absorbed  was  high,  and 
the  bulbs  quickly  blackened.  At  these  interesting  and 
never-to-be-forgotten  tests,  Ohm's  law  and  multiple-arc 
were  much  in  evidence,  all  theory  and  experiments  point- 
ing to  low-resistance  conductors  and  high-resistance  fila- 
ments as  the  solution  of  the  domestic  lighting  problem. 
The  filament  was  the  crux  of  the  problem,  and  as  late  as 
April  3rd,  1880,  after  much  work  in  the  meantime,  taking 
four  lamps  as  samples,  their  cold  resistance  was  only  38,  45, 
47,  and  65  ohms,  and  3J  amperes  only  made  them  red-hot 
or  a  little  more.  But  on  June  15th,  1880,  Mr.  Swan  gave 
me  the  pleiisure  of  testing  one  of  120  ohms,  and  another  of 
118  ohms  resistance.  This  happier  result  was  brought 
about  by  carbonising  crotchet  cotton,  a  true  filament.  (In 
the  meantime,  it  is  interesting  to  note  that  Edison  was  more 
successful  in  his  world-wide  search  for  a  vegetable  fibre  as 
a  filament  than  Diogenes  was  in  his  search  for  an  honest 
man.  But  then  he  did  not  use  candles.)  After  this,  Mr. 
Swan  made  such  progress,  that  by  the  autumn.  Lord  Arm- 
strong's Cragside  House  was  installed  with  twenty  lamps ; 
and,  on  November  24th,  1880,  Mr.  Swan  brilliantly  illumi- 
nated the  auditorium  of  the  Institution  of  Civil  Engineers, 
in  Great  George  Street,  Westminster,  to  the  delight  of  a 
distinguished  audience  of  the  members  of  the  Society  of 
Telegraph  Engineers  and  Electricians,  now  the  Institution 
of  Electrical  Engineers. 

Mr.  Swan,  during  these  three  years  of  labour,  was  run- 
ning a  neck-and-neck  race  with  Edison  and  Lane  Fox,  each 
on  independent  lines,  none  the  less  honour  to  each  of 
them ;  and,  all  Newcastle  men  are  proud  of  the  distinction 
that  in  their  city  one  of  the  most  valuable  inventions  of  the 
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Victorian  Era  was  conceived  and  developed  to  a  practical 
issue  by  Joseph  Wilson  Swan.  Since  then,  at  Bromley, 
in  1884,  Mr.  Swan  invented  the  cellulose,  or  nitro-cellulose 
filament  squirted  into  a  coagulating  medium,  such  as 
alcohol,  without  which  the  high  voltage  copper  saving 
lamps  of  to-day  would  not  be.  This  material  is  also  the 
basis  of  the  artificial  silk  of  to-day.  It  is  now  produced  in 
a  viscous  form  that  can  be  moulded,  enormously  increasing 
its  use  in  the  arts. 

It  is  worthy  of  remark,  that  Swan  foreshadowed  the 
Faure  pasted  plate  (which  was  brought  in  a  box  to  Lord 
Kelvin  from  Paris  containing  a  million  foot-pounds  of 
energy).  At  his  lecture  before  the  Literary  and  Philo- 
sophical Society  of  Newcastle-on-Tyne,  on  February  2nd, 
1879,  when  exhibiting  a  crude  lamp,  he  spoke  of  the  need 
for  storage  and  showed  a  modification  of  the  Plants  cell,  in 
which  there  was  the  novel  feature  of  spongy  lead  having 
been  deposited  around  the  frillings  of  the  peroxide  element 
previous  to  oxidation  to  form  what  is  now  called  the  posi- 
tive element. 

Sunbeam  Lamp. — Swan's  domestic  lamp  suggested  a 
large  incandescent  lamp  as  a  rival  to  the  arc,  and  early  in 
1887  Mr.  T.  W.  Edmondson,  a  disciple  of  Mr.  Swan's, 
succeeded  in  making  the  Sunbeam  lamp,  of  from  100  to 
500,  or  even  up  to  2,000  candle  power ;  which,  as  a  sur- 
vival of  the  fittest,  has  managed  more  than  to  hold  its  own 
with  its  rivals.  It  is  deserving  of  honourable  mention  as  a 
Tyneside  development,  and,  as  in  other  lamps,  the  filament 
was  the  crux  of  the  problem. 

But  to  the  Hon.  Chas.  F.  Parsons  the  district  has  earned 
distinction  by  his  invention  in  1876-1884  of  the  Turbo 
generator  (a  far  more  original  work  than  the  last-named). 
For  the  horse-power  developed,  it  is  perhaps  the  lightest 
machine  in  existence,  occupying  little  space,  perfectly  elastic, 
dancing  in  its  bearings,  and  said  to  cost  little  to  maintain 
mechanically.  It  is  idle  for  me  to  attempt  to  describe  this 
and  so  to  do  what  is  done  so  much  better  by  its  inventor 
whom  I  shall  now  ask  permission  to  quote  :  "The  first  con- 
densing turbine  of  the  radial  flow  type  was  of  200  horse- 
power and  at  a  speed  of  4,800  revolutions  per  minute,  drove 
an  alternator  of  150  kw.  output.  It  was  tested  by  Professor 
Ewing,  and  the  general  result  of  the  trials  was  to  demon- 
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strate  that  the  condensing  steam  turbine  was  an  exception- 
ally economical  heat  engine.  With  a  steam  pressure  of  loo 
lbs.,  the  steam  being  moderately  superheated,  and  a  vacuum 
of  28  inches  of  mercury,  the  consumption  was  27  lbs.  per 
kilowatt  hour,  which  is  equivalent  to  about  16  lbs.  of  steam 
per  indicated  horse-power.  This  result  marked  an  era  in 
the  development  of  the  steam  turbine  and  opened  for  it  a 
wide  field,  including  some  of  the  chief  applications  of 
motive  power  from  steam.  At  this  period  (1892)  turbine 
alternators  of  the  condensing  type  were  placed  in  the  New- 
castle, Cambridge,  and  Scarborough  Electric  Supply  Com- 
pany's stations,  and  soon  afterwards  several  600  horse-power 
of  the  non-condensing  parallel-flow  type  were  set  to  work 
in  the  Metropolitan  Company's  stations,  where  the  compara- 
tive absence  of  vibration  was  an  important  factor.  Turbine 
alternators  and  turbine  dynamos  of  2,500  horse-power  are 
now  in  course  of  construction  in  England  and  the  United 
States  and  larger  sizes  are  in  prospect. 

"A  turbo  alternator  manufactured  at  Heaton  Works, 
Newcastle-on-Tyne,  for  the  Corporation  of  Elberfield  in 
Germany,  was  tested  a  few  days  ago  by  a  committee  of 
experts  from  Germany,  Professor  Ewing  also  being  present, 
with  the  following  remarkable  results  : — At  the  full  load  of 
1,200  kilowatts,  and  with  a  steam  pressure  of  130  lbs.  at  the 
engine,  and  10°  C.  of  superheat,  the  engine  driving  its  own 
air-pumps,  the  consumption  of  steam  was  found  to  be  at 
the  rate  of  i8'8  lbs.  per  kilowatt  hour.  To  compare  this 
figure  with  those  obtained  with  ordinary  piston  engines  of 
the  highest  record  with  which  I  am  acquainted  of  the  ratio 
of  electrical  output  to  the  power  indicated  in  the  steam 
engine,  namely,  85  per  cent.,  the  figure  of  i8*8  lbs.  per 
kilowatt  in  the  turbine  plant  is  equivalent  to  a  consumption 
of  1 1*9  lbs.  per  indicated  horse-power,  a  result  surpassing 
the  records  of  the  best  steam  engines  in  the  production  of 
electricity  from  steam." 

The  remarkable  feature  of  the  modern  turbo-generator  is 
its  utilisation  of  the  expansive  force  of  steam  in  a  series  of 
steps  by  which  its  initial  velocity  of  2,462  feet  per  second 
is  reduced  to  a  final  velocity  of  405  feet  per  second  or 
one-sixth.  Take  a  waterfall,  it  is  theoretically  possible 
to  utilise  the  head  without  loss.  Well,  similarly,  the  fall 
could   be   used   in   a  series   of  steps,  the  water  losing  its 
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potential  energy  with  each  step.  So  it  is  with  the  turbo- 
generators. Take  steam  at  a  given  pressure,  with  a  corres- 
ponding velocity,  provide,  as  in  the  turbo-generator,  a  series 
of  steel-guide  blades,  and  a  corresponding  series  of  interposed 
blades  for  the  steam  to  impinge  upon,  the  diminution  of 
pressure  with  each  step  being  probably  but  half  a  pound, 
the  resultant  circumferential  velocity  is  one  that  is  easily 
dealt  with  in  practice,  say  2,400  revolutions  per  minute 
which  allows  direct  coupling.  On  the  other  hand,  if  all  the 
energy  is  absorbed  in  one  wheel,  the  resultant  circum- 
ferential velocity  gets  beyond  practical  control.  In  the  laval 
turbine,  its  30,000  revolutions  per  minute  must  be  reduced 
by  gearing  when  practically  applied,  this  limits  security  from 
break  down  to  machines  within  and  up  to  100  H.P. ;  beyond 
that,  disaster  follows.  In  the  Parsons  turbo-generator,  the 
centre  of  gravity  of  the  moving  mass  coincides  with 
the  centre  of  the  figure,  or  the  geometrical  centre  of  gravity 
on  account  of  the  provision  made  for  lateral  displacement. 

Electric  Lighting. — At  the  present  time,  ten  large 
towns  in  this  district,  including  Newcastle,  Gateshead, 
Sunderland,  South  Shields,  Tynemouth,  Wallsend,  Middles- 
borough,  Stockton,  Darlington,  and  West  Hartlepool,  have 
either  electric  power-houses  in  active  operation,  or  in  course 
of  rapid  construction.  But  I  cannot  stop  to  say  much  of 
them  except  the  pioneer  ones  of  Newcastle-on-Tyne.  In 
this  city  we  have  two  services,  that  of  the  Newcastle 
and  District  Electric  Lighting  Company,  projected  by  the 
Hon.  C.  A.  Parsons,  late  in  1888,  and  that  of  the 
Newcastle-on-Tyne  Electric  Supply  Company,  projected  by 
Dr.  Robert  Spence  Watson  in  1881,  but  not  brought  to  a 
practical  issue  until  1888. 

Taking  the  Parsons'  Company  first.  The  original  turbo- 
generators are  employed  at  a  speed  of  4,800  revolutions,  the 
later  machines  only  at  2,400  revolutions  with  a  pressure  of 
1,050  volts,  and  a  frequency  of  80  periods.  Last  year  the 
Companv  generated  1,571,650  units,  and  sold  963,622  units, 
and  the  peak  reached  756  amperes  upon  an  installation  of 
1,490,130  watts,  the  number  of  consumers  being  about  400. 

The  Newcastle-on-Tyne  Electric  Supply  Company's 
plant  is  the  very  antithesis  of  that  of  its  companion 
Company,  the  "District"  where,  as  described,  it  is  light, 
having  velocity  and  elasticity   in   lieu   of   momentum   or 
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inertia  of  mass.  That  of  the  "  Supply  "  is  slow-moving  and 
heavy.  Horizontal  compound  long-stroke  Corliss  engines 
of  70  to  80  revolutions,  and  Mordey  dynamos  up  to  150 
kilowatts  each.  The  engines,  which  are  of  Robey  and 
Company's  well-known  make,  and  fitted  with  their  trip 
expansion  gear,  have  performed  admirably,  as  it  will  be 
acknowledged  by  all  present,  when  I  state  the  following  facts. 
That  during  the  eleven  years  working,  no  main  bearing  cap 
on  any  engine  has  been  lifted,  and  no  new  part  has  been 
supplied,  excepting  piston  rings,  and  all  the  engines  are  now 
in  first-rate  working  condition.  The  steam  consumption 
may  be  said  to  average  16  lbs.,  with  the  low  vacuum  of 
under  20  inches.  The  larger  units,  of  course,  giving  the 
best  results.  Similarly,  the  Mordey  uniphase  dynamos, 
2,100  volts,  have  been  equally  successful.  They  are  nearly 
self  regulating,  the  larger  units  being  the  most  satisfactory. 
As  is  well  known,  they  are  remarkably  efficient,  having  the 
characteristic  of  steadiness  under  all  loads.  In  1899,  the 
Company  generated  1,517,311  units  for  the  supply  of  an 
installation  of  1,924,680  watts,  reaching  a  peak  of  416 
amperes  upon  a  sale  of  990,551  units,  the  number  of 
consumers  being  nearly  1,000. 

Both  Companies  use  rubber  cables,  the  "  District " 
Company  using  a  complete  net  work  of  high-tension  single 
cables  in  iron  pipes,  and  the  "Supply"  Company  a  net 
work  of  concentric  cables  in  iron  pipes.  Rubber  insulated 
cables,  if  not  starved,  and  treated  properly,  either  wholly 
concentric,  or  wholly  single  pairs  in  a  uniform  atmosphere 
and  a  uniform  mechanically  protective  environment  give 
little  trouble.  Both  Companies  have  cable  ten  years  old 
still  doing  excellent  service.  Both  Companies  are  developing 
direct  low-tension  services  in  congested  places.  Dr.  Watson's 
Company  has  two  accumulator  substations,  one  in  operation, 
another  on  the  eve  of  practical  employment.  They  are 
experimental.  If  successful,  both  technically  and  com- 
mercially they  will  mark  an  important  step.  Accumulators 
may  be  charged  when  there  is  no  other  use  for  the 
machinery,  and  employed  to  take  the  peak  off,  and,  above 
all,  during  use,  the  possible  troubles  from  running  machinery 
are  absent.  The  transformation  losses  are  roughly  com- 
parable with  the  transformation  losses  in  central  distributing 
power-house  schemes. 
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General  Remarks  on  Electric  Lighting. — Though 
so  divergent  in  system  the  commercial  success  of  both 
Companies  is  nearly  the  same.  What  is  the  public  to  think 
who  do  not  look  below  the  surface  when  they  observe, 
however  wide  the  variations  in  the  electrical  means  to  an 
end,  the  resulfs  are  apparently  the  same.  Like  Max  O'Rell, 
when  speaking  of  nations,  we  must  not  at  present  say  that 
one  system  of  electric  lighting  is  better  than  another,  but 
that  they  are  different  Clearly,  a  variety  of  conditions 
demands  a  variety  of  applications,  nevertheless,  it  is  only 
a  question  of  time  ;  the  fittest  will  survive  eventually  and 
standard  methods  will  crystalise.  It  was  said  of  fascinating 
Cleopatra,  "  Age  cannot  wither  her,  nor  custom  stale  her 
infinite  variety."  So  it  is  with  fascinating  Electricity  with  a 
difference.  Disaster  does  not  follow  her  lovers — the  British 
public  pay  the  bill. 

Nowadays,  when  electric  supply  is  an  assured  success, 
every  one  can  go  to  work  with  confidence,  if  only  over- 
capitalisation is  avoided.  This  is  in  the  first  degree  the 
active  danger  of  municipal  undertakings  governed  by  com- 
mittees, all  experts,  of  course.  The  need  for  dividends  acts 
as  the  check  in  company  undertakings,  it  tends  to  ensure 
both  economy  in  capital,  in  production,  and  in  maintenance. 
Production  to  serve  a  wide  area  of  many  needs  assures 
continuity  of  load.  This  assures  economy  of  production. 
An  average  of  less  than  two  hours  daily  use  of  all  the 
machinery  in  established  pioneer  stations  brings  8  per  cent, 
dividend.  But  suppose  we  build  anew  on  the  experience 
gained.  Cease  to  put  down  what  now  may  be  considered 
toy  machines  all  in  a  row ;  and  tobacco-pipe  chimneys, 
jealously  watched  by  vigilant  smoke  inspectors  catching  the 
specks  upon  sheets  of  white  blotting  paper.  Emulate  the 
courage  of  the  Americans,  the  Swiss,  and  the  Continent 
generally.  Do  not  adopt  expediency,  either  as  to  site  or 
anything  else.  Then  that  peace  of  mind  which  belongs 
to  solid  far-seeing  work  overtakes  the  engineer  and  his 
friend  the  capitalist.  They  may  smoke  the  pipe  of  peace 
with  the  imperturbability  of  a  Turk  and  wait.  It  must 
come,  every  house  will  eventually  have  its  electric  light,  as 
it  will  have  its  telephone.  Purity,  steadiness,  and  convenience 
save  its  extra  nominal  cost  over  other  illuminants  now,  and 
continuous  production  will  reduce  gas  companies'  dividends 
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from  lighting  alone  to  something  exceedingly  small  by  and 
by.  Hence  the  future  of  the  electrical  engineer  augurs 
happily.  He,  the  maker  of  this  good  thing,  who  only  the 
other  day,  and  alas  even  now,  is  so  lowly  rewarded  for  his 
labours,  as  not  to  be  lauded  by  his  neighbours. 

On  the  distribution  side  of  the  question  there  is  a 
danger.  A  large  central  power-house,  if  there  is  to  be 
economy,  means  high-pressure  alternate-current  transmission 
of>  say,  50  periods  uniphase,  if  it  will  do  (by  no  means 
improbable  in  the  near  future),  and  more  phases  if  it  will 
not,  to  as  near  the  point  of  consumption  as  possible,  large 
low-tension  services  are  to  be  deprecated,  especially  where 
coal  is  cheap.  The  fewer  the  transformations  the  better, 
and  preferably  of  the  static,  than  of  the  dynamic  order.  In 
other  words,  do  not  have  moving  parts  demanding  human 
watchfulness,  except  where  it  is  imperative,  as  for  straight 
currents  for  electro-chemical  work.  Alternating  currents 
needing  no  brushes  will  do  all  the  rest.  This  may  be  rank 
wickedness  to  some  trade  interests,  but  it  is  the  goal. 
Simplicity  is  what  is  wanted,  not  complication.  There  must 
be  a  point  where  the  cost  of  long-distance  transmission  over- 
takes the  economy  of  centralised  production.  That  point 
has  to  be  determined.  Our  grandmother,  the  Board  of 
Trade,  will  have  something  to  say  about  that.  We  are  not 
as  free  as  the  winds  as  in  Switzerland,  where  a  dab  of  red 
paint  on  an  insulator  on  a  pole  supporting  multitudinous 
services,  marks  sudden  death  if  disregarded,  locating  as  it 
does,  the  extra-high-pressure  service,  and  where  magistrates 
rightly  treat  the  idle  breaking  of  an  insulator  as  a  crime, 
thus  acting  for  the  public  interest  as  the  British  Post-office 
does  when  a  penny  letter  is  stolen.  But  the  "great  unpaid" 
treat  insulator-breaking  as  a  pastime :  "  Oh,  you  playful 
boy,  don't  do  it  again,"  or  a  nominal  fine,  is  all  that 
happens. 

Motive-power  by  electrical  agency  is  as  convenient  as 
going  to  the  poulterer  for  your  ducks,  instead  of  keeping 
your  own  duck-pond.  It  is  this  principle  that  makes  for 
success  with  power  work.  Nothing  can  stop  it.  What  so 
cleanly,  so  simple,  as  getting  all  that  is  needed  by  turning 
on  a  tap.  No  space  is  occupied  for  installing  a  steam  plant, 
no  capital  locked  up  in  its  purchase,  and  no  standing 
charges  for   its   maintenance.     There   is   no   waste  during 
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holidays  or  strikes,  and  one  care  the  less  is  borne  by  the 
user.  This  is  the  age  of  specialists,  another  name  for 
the  division  of  labour,  without  them  the  work  of  the  world 
would  not  go  on.  Scatteration  of  effort  is  dissipation  of 
energy.  The  user  with  the  specialist  at  his  elbow  is  relieved 
mentally,  thus  brain-power  is  released  for  concentration  on 
his  own  speciality.  What  stands  in  the  way  is  the  loss  at 
parting  with  a  still  useful  old  friend  in  favour  of  the  new. 
It  is  the  house-wiring  question  over  again.  Credit  wiring, 
in  the  latter  case  at  an  enhanced  cost  in  current  to  the  user, 
until  the  capital  is  recouped  is  one  solution.  Similarly  the 
development  of  good  motors  has  reached  that  stage,  that 
their  hire  and  subsequent  purchase  will  accelerate  their 
adoption  and  eventual  universal  use.  To  produce  confidence 
all  that  is  needed  is  wise  selection  and  judicious  applica- 
tion. 

Electric  Traction. — Of  electric  traction  one  can  speak 
as  eulogistically  as  of  the  bicycle.  It  is  the  cheapest, 
pleasantest,  and  most  healthy  in  its  effects  of  all  road 
locomotion.  No  loss  of  time  at  terminals,  a  travelling 
station  that  passes  one's  door.  One  halfpenny  per  mile  in 
general,  and  one  farthing  for  workmen's  cars.  Happily  now 
it  is  booming  in  this  country,  and  one  sighs  with  relief  that 
at  last  our  conservatism  has  been  broken  down,  and  we 
shall  soon  be  as  our  colonies  and  other  civilised  nations  are. 
Only  build  strongly,  make  a  good  sightly  workman-like 
structure,  looking  as  if  it  fitted  its  purpose — then  the  cry  of 
the  aesthetic  will  cease  and  the  cloud  of  the  benighted 
disappear. 

I  would  like  to  express  my  unqualified  condemnation  of 
the  extremely  shortsighted  policy  of  not  starting  with  a 
double  track  right  away  in  the  busy  towns  of  this  district. 
It  is  only  excusable  where  there  is  lack  of  width,  and  that  is 
rare.  The  imperturbability  of  the  Turk  will  not  overtake 
the  exploiters  or  running  engineers  of  that  class  of  work. 
If  they  think  so,  as  remarked  in  effect  by  the  Times  when 
prompted  by  Lord  Salisbury's  criticism  of  Treasury  control 
of  the  War  Office,  they  must  be  possessed  of  that  incurable 
self-complacency  that  overtakes  the  public  services  of  Great 
Britain. 

Another  word  and  this  retrospect  is  done.  The  result  of 
a  cir.cular  I  sent  out  to  ascertain  the  number  of  persons 
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employed    on    electrical   work   in    this   district  gives   the 
following  approximate  figures  : — 


j 


Telegraphs  and  Telephones     ... 

...     3,900 

Electric  Supply  Co.'s     

...        335 

Manufacturers 

...     2,400 

Installers 

219 

Sundry  Employment     

146 

Total         

...     7,000 
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NOTE    ON    AIR-GAP    AND    INTERPOLAR 
INDUCTION. 

By  F.  W.  Carter,  M.A.,  Associate. 

The  publication  of  Messrs.  Hawkins  and  Wightman's 
recent  dissertation  on  the  "Air-gap  Induction  in  Continuous 
Current  Dynamos"  ^  induces  me  to  present  to  the  Institution 
the  following  note  on  the  subject  of  the  fringe  of  lines  near 
the  edge  of  a  pole-piece.  It  need  hardly  be  pointed  out  in 
this  place  that  the  exact  solution  of  the  magnetic  problem 
presented  by  a  dynamo  is  impossible  without  an  almost 
inconceivable  addition  to  our  present  mathematical  know- 
ledge. Hence  we  are  driven  to  making  various  assumptions 
about  the  shape  of  the  lines  of  force  in  order  to  obtain  a 
more  or  less  approximate  estimate  of  the  strength  of  the 
field  at  the  armature  surface.  Such  assumptions  often  lead 
to  sufficiently  accurate  results  over  limited  regions,  but  are 
liable  to  break  down  where  a  solution  is  most  wanted. 
Thus  it  is  practically  correct  to  assume  that  the  lines  of 
force  pass  straight  across  the  air-gap,  and  that  they  form 
arcs  of  circles  outside  the  air-gap — so  long  as  we  are  not  near 
the  edge  of  the  pole-piece^  but  the  solution  fails  in  the  imme- 
diate neighbourhood  of  that  edge.  Messrs.  Hawkins  and 
Wightman's  process  of  rounding  the  corner  of  the  curve 
at  discretion  «  can  hardly  be  regarded  as  satisfactory. 

In  the  following  I  propose  to  give  the  exact  solution  of 
some  comparatively  simple,  though  ideal,  problems  con- 
cerning the  field  of  force  near  the  edge  of  a  pole-piece,  in 
order  to  provide  a  criterion  whereby  to  judge  of  the  merits 
of  the  various  approximate  formulae  used  in  this  connection, 
to  indicate  the  order  of  accuracy  that  may  be  expected 
from  the  use  of  these  formulae,  and  to  furnish  a  plausible 
means  of  correcting  the  results  which  they  lead  to. 

The  first  problem  to  be  discussed  is  the  two-dimensional 
one  of  the  lines  of  force  from  the  pole-piece  to  the  armature 
shown  in  Fig.  i,  when  the  pole-piece  is  supposed  to  be  at 
one  magnetic  potential,  and  the  armature  at  another. 

'  See  this  Volume,  p.  436,  seq.  '  See  this  Volume,  p.  440. 
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As  the  theory  of  conjugate  functions  is  somewhat  out  of 
the  province  of  the  electrical  engineer,  I  shall  content  my- 
self with  giving  only  so  much  of  the  mathematics  as  will 
enable  those  interested  in  such  subjects  to  verify  my  results. 


Fig.  I.— The  Plane  of  .v  v. 

Briefly  then,  we  seek  a  potential  function,  ^,  which  reduces 
to  the  constant  value  ^o  at  the  pole-piece,  and  to  zero  at  the 
armature.  Since  the  flux  depends  only  on  difference  of 
potential,  there  is  no  loss  of  generality  in  assuming  the 
potential  at  the  armature  surface  to  be  zero. 
Now  the  transformation — 


IT   {        a  ^\  -K         /         2), 

(where z  =  x-\-iy,l^=%-\-ir\yi=^  V  —  1  and  g  is  the 

length  of  the  air-gap,) 

converts  the  quadrant  ij  o  5  shown  in  Fig.  2,  into  the  region 

we  require,   bounded  by   the  pole-piece  and  armature  of 

Fig.  I, — making  O  A  into  the  pole  face  P  E,  A^  into  the  side 


Fig.  2.— The  Plane  of  In. 

E  V  of  the  pole,  and  o  t;  into  the  armature  face  xx.  For  on 
O  A,  ?  is  real,  negative,  and  numerically  less  than  a  ;  thus 
Z^  a  negative  real  part  -f  ig,  i-e.,  y  =g  and  x  is  negative- 
corresponding  to  P  E ;  on  A  5,  2  is  a  pure  imaginary,  between 
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ig  znd  oc,  ue.,  x  =  o  and  y  >  g, — corresponding  to  E3' ;  on  o  ??, 
^  is  a  pure  imaginary  =  i  ij,  and  z  is  real,  varying  from  —  oc 
to  ex:.  Now  if  ^  +  i  1//  be  such  a  function  of  tf  that  0  is  equal 
to  iffo  along  o  £,  and  to  zero  along  o  ij,  then  this  function 
transformed  into  xy  co-ordinates  by  means  of  the  above 
relation,  will  give  us  the  sought-for  equipotential  surfaces 
(^  s=  constant)  and  lines  of  force  (}p  =  constant). 

The  function  having  the  above  properties  is  given  by 


_^2      V  0o  J 


where  c  is  the  base  of  the  natural  logarithms,  (=2718  .  .). 


Thus  putting  a  =  e^^°,  we  get 


'&^j 


-logic      2       V  fo  J 

We  cannot  express  tp  and  1//  explicitly  in  terms  of  ;rand3', 
but  we  can  nevertheless  trace  the  equipotential  lines,  ^  = 
constant,  and  lines  of  force,  \p  =  constant,  from  the  above. 
We  are,  however,  only  concerned  with  the  strength  of  the 
field  at  the   armature   surface,   that  is,  with  the  value  of 

-  ^-^-,  or  of  K-S  when  y  is  zero. 

^  y  o-^ 

Putting  0  =  0,  we  get 


=¥iJ- 


e  *° 


2) 


-log  [.^    (,^     *'       +  J  e       *°      +l>'J+'fj 
=  ^/  -177+ .  "-  ^~^  -  log  (.^  4-  x/l  -H.^^)}  .  i 
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where  X 
.    dx 

2       <f>o 

w      dx 
~  24,0  dX 

-g\     -e~ 

2X 

X 

X 

-2X 

e 

—  X 

■¥  c 

yi 

+  e 

2X 

force  F  =  *? 

2X 

+  e 

.'.  the 

yi  + 

2X 

^ 


X  —X 


=  Fo- 


y 


1  +  i? 


-2X 


where  F©  =^  is  the  force  well  under  the  pole. 

Thus,    giving    different    values    to    X,   we   obtain    the 
corresponding  values  of  x  from  i  and  of  F  from    ii.     In 


this    way    is    obtained    the    Table    I.,   and    the    full-line 
curve  in  Fig.  3.     In  the  same  figure  is  shown  the  curve, 
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TABLE  I. 


X 

3 

3 

1 

075 

0-5 

025 

0 

-■25 

-05 

-75 

-I 

-1-5 

—  2 

-2-5 

-3 

^l  i 

-171 

-108 

—42 

-•235 

-064 

0131 

0338 

0583 

0861 

1.202 

I  61 

278 

4-65 

772 

127 

F/Fo 

0999 
0 

0991 
0638 

0-945 

1-28 

0-904 
1-44 

0-855 
1*59 

0791 
1-95 

0705 
1*91 

0617 
207 

0518 
223 

0429 
2-39 

0335 
255 

0-218 

2-87 

0136 
319 

0-082 
351 

0-05 
3-82 

0O 

(dotted),  obtained  in  the  usual  manner,  i.e.,  by  assum- 
ing that,  when  x  is  negative,  the  force  ^^  and,  when 
X  is  positive^ — ^ — .    A  comparison  of  the  curves  shows 

IT 

that  the  latter  assumption  makes  the  force  too  great 
at  the  edge  of  the  pole-piece,  and  too  small  at  a  little 
distance  outside  the  edge.  Messrs.  Hawkins  and  Wight- 
man's  process  of  rounding  the  corner  of  the  curve,  besides 
being  arbitrary,  places  the  distance  to  which  the  rounding 
is  to  extend  on  a  false  basis,  in  expressing  it  as  a  fraction 
of  the  pole  angle — of  which  it  is  quite  independent.  The 
distance  in  question  should  be  expressed  as  a  fraction  of 
the  length  of  the  air-gap,  and  this  fraction  may  be  practi- 
cally taken  as  unity,  for  Fig.  3  shows  that  at  this  distance 
under  the  pole  the  force  has  reached  99  per  cent,  of  its 
greatest  value. 

Although,  as  above  stated,  the  exact  solution,  in  an 
actual  case,  is  impossible,  we  may  use  the  curve  in  Fig.  3 
to  correct  the  results  of  an  approximate  calculation,  and  so 
obtain  results  that  are  probably  not  greatly  in  error,  in  the 
following  manner.  Calculate  the  force  in  the  usual  way, 
i.e,,  assume  it  constant  under  the  pole,  and  inversely  as 
^x  -\-  g  outside  the  pole,  then  multiply  the  results  so 
obtained  for  any  point  by  the  ratio  of  the  ordinate  of  the 
exact  to  that  of  the  approximate  curve  in  Fig.  3,  at  that 
point ;  or  calling  this  ratio  iw,  the  force  under  the  pole  is 

proportional  to  ^,  and  outside  the  pole  to  -^  ^- — .    A  table 

of  the  values  of  ni  at  different  distances  (x)  from  the  pole 
tip  is  given  below.     (Table  II.) 
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TABLE 

II. 

1 
-075    -0-5 

j 
-0-25     0 

025 

05 

075 

I 

«-5 

2     J 

3 

in     01/) 

0  973  1  0952 

091    084 

104 

114 

1-20 

1-22 

1-21 

1-20, 

i-i8 

4    1    6    I    8    I  10     12 
116  'i-ij  ]i"ogii'05  loj 


In  Fig.  3  is  also  shown  the  curve  of  total  flux,  to  such  a 
scale  that  the  diflFerence  of  ordinates  at  any  two  points  gives 
the  number  of  spaces  equal  to  the  air-gap  that  would  be 
filled  by  the  lines  if  they  were  concentrated  to  their  maximum 
density.  Thus  the  total  flux  from  ;ir  =  -  1-71  ^  to  :r  =  8^ 
would  fill  354^  with  lines  at  maximum  density,  and  if  the 
lines  had  their  maximum  density  throughout,  the  pole-piece 
would  have  to  be  widened  by  (3*54  —  171)  =  1-83  times 
the  length  of  the  air-gap.  From  this  we  get  the  permeance 
of  the  air-gap.  This,  however,  neglects  the  effect  of  the 
adjacent  pole,  which  causes  the  force  to  diminish  to  zero 
at  the  middle  of  the  interpolar  space.     We  might  approxi- 


-.,.-./,..♦ 


Fig.  4.— The  Plane  of  It). 

mately  take  this  into  account  by  drawing  the  curves  for 
the  two  poles,  and  adding  their  ordinates  algebraically. 
This,  however,  is  not  a  true  solution  of  the  problem 
presented  by  the  two  poles,  and  it  would  be  well  to  examine 
how  nearly  it  can  be  relied  upon.  As  a  matter  of  fact,  it 
is  possible  to  get  an  exact  solution  of  the  magnetic  problem 
presented  by  two  unlike  rectangular  poles  and  a  straight 
armature,  as  follows  : — 
The  transformation 

.= J  log  [^  +  ^'  +  vr^ar-'fc] 

-^sin-^r_^_^^-_fL:^1 

IT  V.a  -{•  bZ,       a  -^  bj 

(where  c  is  a  half  of  the  distance  between  the  poles  =  gy/  r 

and  the  other  letters  are  as  before), 
converts   the  half-plane,    Fig.  4,   into    the    region,  Fig.  5, 
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bounded  by  a  pole-piece,  armature,  and  the  median  line 
between  the  pole  pieces,  making  the  range  of  points 
£  A  O  B  5  in  Fig.  4  into  those  so  marked  in  Fig.  5.  If  now 
we  find  a  potential  function  which  reduces  to  ^o  on  the 
pole-piece,  and  to  zero  on  the  armature  and  median  line, 
we  shall  have  solved  the  problem  in  hand.  Such  a  function 
is  given  by 


iirt+ijt 


K=C 


^.^^^ 


Substituting  for  K  as  before,  and  putting  ^  =  o,  tt  '^ 

0c 


X 


we  get 


.0 
■o 


a:  =  ^  log   I    6'  + 


Fig.  5.— The  Plane  of  .v  .v. 


v/(^ 


-X  ,,    -X 

+  a)(e 


-.] 


C  —1/2^6      X 

—  -  sm 

TT 


(2  a  b     X       ^  —  b\ 

C r  lU 

Xa-^b  a  -j-  bJ 


The  origin  in  Fig.  5  is  not  yet  determined.     If  we  choose 
a  and  b  so  that 


rt  +  6  =  2  (? 


IT  C 
IT  C 


/   •  ^        C'^\  2  C^  20    t  2iJ2  2  0 

i.e.  (since  -,  =  —  La  = e        *,  6=  -  -^ —  e        *, 

^  b      g^J  c^  +  g^  ^+^ 

we  shall  make  ;t:  =  0  at  the  edge  of  the  pole-piece. 

Fig.  6  shows  the  relation  between  F  and  x  obtained 
from  these  formulae  (iii  and  iv),  in  three  cases,  viz.,  for 
c  =  2'5^,  c  =  5^,  and  c  =  ©c,  the  latter  being  the  same  curve 
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as  in  Fig.  3.  It  will  be  seen  that  the  second  pole-piece  has 
practically  no  effect  at  point  under  the  first,  thus  showing 
that  the  process  of  superposing  the  effects  of  tu-o  such 
isolated  poles  as  shown  in  Fig.  3  would  lead  to  results  far 
from  the  truth ;  in  fact,  the  closeness  of  the  curves  at  their 
upper  bend  is  their  most  noticeable  feature.  The  curves 
for  any  other  particular  value  of  the  ratio  cjg  can  easily  be 
traced  from  the  above  formulae,  though,  if  the  curve  c  =  oc 
be  traced  from  Table  1.,  the  deviation  therefrom  might 
almost  be  drawn  freehand  with  sufficient  accuracy,  after  an 
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\ 

-3 
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^ 
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f       i 

\  ""J 

\      1 

6 

Fig.  6. 


examination  of   Fig.  6. 
cuts  the  armature  is  : 


The  slope  of  the  curve  where 


Fo 


d¥ 
dx 


2 


^%i: 
^ 


The  permeance  of  the  air-gap  can  now  be  obtained  exactly. 
If  we  determine  the  total  flux,  up  to  .r  =  c,  1.^.,  to  half-way 
between  the  poles,  and  find  what  width  we  must  add  to  the 
pole  face  to  give  the  total  flux  this  value,  supposing  the 
force  to  have  its  maximum  value  Fo,  throughout  the  region 
underneath  this  increased  pole,  and  to  be  zero  elsewhere, 
then,  expressing  this  increase  in  the  usual  manner,  i.^.,  as  a 
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fraction  (X)  of  the  length  of  the  air-gap,  we  shall  find  that  X 
is  not  a  constant,  as  usually  assumed,  but  is  given  by 

x.07.i„gjLa^|)}.±(i«„-'f), 

where  the  logarithm  is  a  common  one,  and  the  angle  is 
expressed  in  degrees. 

Table  III.  gives  the  value  of  X  for  the  different  values 
of  cjg  within  the  possible  limits  in  this  subject. 


TABLE 

III. 

c:g 

2 

2-5 

3 

35 

4 

4'5 

5 

6 

7 

8 

9 

lo 

II 

^y 

X 

0-68 

0-79 

ogo 

0-99 

ro7 

115 

1*22 

I '33 

1-42 

I-5I 

1-58 

1-65 

170 

The  value  of  these  calculations  is  well  seen  by  com- 
paring the  values  of  X  in  the  above  with  those  given  by  the 
usually  assumed  methods.  Thus  Messrs.  Hawkins  and 
Wightman  obtain  X  =  176  for  cjg  =  4,1  whilst  the  more 
nearly  correct  calculation  gives  the  much  smaller  value 
X  =  I'oy;  in  fact,  formulae  based  on  simple  but  wrong 
assumptions  are  dangerous  things  to  use,  and  can  rarely 
be  relied  on  to  give  more  than  the  order  of  the  sought-for 
results. 

I  by  no  means  recommend  that  one  should  go  to  the 
trouble  of  using  these  somewhat  difficult  formulae  in  average 
practical  cases,  for  they  of  course  only  apply  strictly  to  the 
ideal  cases  considered,  but  submit  that  the  reasons  given  at 
the  beginning  of  this  article  are  sufficient  justification  for 
placing  on  record  the  solution  of  a  problem  which  more 
nearly  resembles  the  actual  problem  of  the  fringe  of  lines 
in  the  interpolar  space  than  any  which  has,  as  far  as  I  am 
aware,  been  exactly  worked  out. 


THE    RELUCTANCE    OF    THE    TEETH    IN    A 
SLOTTED     ARMATURE. 

By  W.  B.  HiRD,  B.A.,  Member. 

In  predetermining  the  characteristic  of  a  dynamo  with 
glotted  armature  the  calculation  of  the  ampere-turns  required 

'  Page  449. 
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to  pass  a  given  number  of  lines  through  the  teeth  is  a  matter 
of  some  difficulty. 

A  considerable  error  in  this  quantity  is,  however,  usually 
only  a  small  percentage  on  the  total  ampere-turns  required 
for  the  whole  machine,  and,  moreover,  most  of  the  usual 
methods  err  on  the  safe  side  by  giving  too  high  a  value  for 
the  ampere-turns  required. 

If,  however,  the  same  methods  are  used  to  calculate  the 
effect  of  the  teeth  reluctance  on  the  cross  field,  and  thus  to 
obtain  a  value  for  the  residual  field  under  the  weakened 
magnet  tip,  the  errors  become  of  importance  in  the  final 
result,  and,  moreover,  they  are  now  not  on  the  safe  side,  but 
lead  to  a  value  of  residual  field  larger  than  the  correct  one. 
The  following  method,  while  only  an  approximation,  is  not 
too  cumbersome  for  practical  use  ;  it  gives  results  w^hich  are 
more  nearly  correct  than  those  obtained  by  calculating  the 
value  of  H  at  only  a  few  sections  of  the  teeth  and  taking  the 
mean,  and  it  is  less  tedious  than  taking  values  at  a  large 
number  of  such  sections. 

From  the  (H  B)  curve  of  the  iron  used  plot  a  second 

rBi 
curve  with  B  as  ordinates  and         H.JB  as  abscissae,  any 

J  Do 

convenient  value  being  taken  for  Bo.  Then  in  any  given 
case  calculate  the  induction  (say  Bi)  at  the  top  of  the  tooth 
and  Ba  at  the  bottom,  on  the  assumption  that  the  whole  of 

the  lines  pass  through  the  tooth;  the  values  of   HrfB  when 

B=Bi  and  when  B=B2  can  be  read  off  the  curve,  call  these 
values  oi  and  oa  respectively,  the  mean  value  of  H  throughout 

the  tooth  will  then  be    "''""^    and  from  this  the  ampere- 

Ba  — Bi 

turns  are  directly  calculable. 

It  is  convenient  that  Bi  and  Ba  should  be  greater  than  Bo,' 
that  is  in  integrating  the  H  B  curve.  Bo  should  be  chosen 
smaller  than  any  value  of  B  for  which  the  curve  is  to  be 
used. 

An  approximate  correction  can  be  made  for  the  fact  that 
the  lines  leak  into  the  slot  and  do  not  all  pass  through  the 
tooth,  as  follows : — 

Let  c  be  the  width  of  tooth  at  the  bottom,  and  a  the 
width  of  slot.  It  is  generally  only  at  the  bottom  of  the  tooth 
where  the  inductions  are  high  that  the  leakage  into  the  slot 
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becomes  of  importance.  Let  the  real  induction  at  the 
bottom  of  the  tooth  be  B3  and  let  H3  be  the  corresponding 
value  of  H  ;  then 

CB3  +  ^  H3  =  cB2 

,*.  133  +  —  H3  =  1J2, 

B2  being,  as  before,  the  value  of  the  induction  calculated  on 
the  assumption  that  the  whole  of  the  lines  pass  through  the 
tooth.  Instead,  therefore,  of  integrating  the  (H  B)  curve  of 
the  iron,  first  plot  from  it  a  curve  with  H  as  abscissae  and 

B  +  -  H  as  ordinates.     Call  this  curve  the  (H  B)  curve  for 

this  particular  tooth;  integratethis  curve  and  proceed  exactly 
as  above. 

It  is  of  course  not  possible  in  practice  to  do  this  for  all 


IB 


values  of  the  ratio    ,  but  we  can  choose  two  or  three  con- 

venient  values  of       and   plot   corrected   curves  for  these 
c 

values.     In  any  given  case  we  can  use  the  nearest  curve 

without  any  serious  error,  as  the  ratio  -  does  not  usually 

vary  very  largely  in  different  machines  of  the  same  type. 

The  curves  (Fig.  i.)  have  been  in  practical  use  for  some 
considerable  time  with  satisfactory  results ;  (a)  is  plotted  as 
described  from  the  (H  B)  curve  for  soft  charcoal  iron,  and 

(6)  is  corrected  on  the  assumption  that  ^=:  i. 
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In  the  above  the  assumption  is  made  that  the  induction 
varies  uniformly  between  the  values  Ba  and  Bi;  this  of 
course  is  not  strictly  true,  it  is  the  area  of  the  tooth  which 
varies  uniformly  between  c  and  6,  and  the  induction  is  the 
reciprocal  of  this.  The  following  is  a  stricter  method,  the 
only  assumption  made  being  that  in  any  one  tooth  and  slot 
the  equipotential  surfaces  are  cylindrical  and  coaxial  with 
the  armature. 

Let  a  =  width   of    slot    (see  Fig.  2). 
6  =     „      of  tooth  at  top. 
c=     „       „     „      „  root.  • 
/  =  depth  of  slot. 

y  =  distance  measured  from  bottom 
'  of  slot. 

a:  =  width  of  tooth  at  point  y. 
B  =  induction  at  point  y. 
H  =  magnetic  force  „  y 
and  N  =  total  No.  of  lines  per  tooth  per  unit  length  of 
armature. 
The  ampere-turns  required  on  the  teeth  are  proportional 
to  the  line  integral  of  H  ;   we  therefore  want  to  find  the 

of  J  H  dy. 


Fig.  2. 


value 


y 

We  have  ;<:  =  c-f(6  —  c)*} 


dx 
dy 


b-c 


re 


and 


J  H  .  rfy  = 


h"^  .dx 
dx 


J6 


dx. 


Again, 


fl  H  +  *  B  =  N, 

N 


^=B- 


B 


dx 


N 
=  -  13,  -  a 


li) 

dB 
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-/3x 
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N 


(§) 


II. 


From  the  known  H  B  curve  of  the  iron  used  we  can 
plot    once    for    all    curves    having    B   as    abscissae    and 

I  ^  ^  V  B")  ^"^  I  ^  ^  (  B  )  respectively  as  ordinates;  and 

the  values  corresponding  to  /3i  and  fia  read  off  these 
curves  give  us  as  at  once  by  substitution  in  II.  the  line 
integral  of  H  for  the  tooth,  and  consequently  the  ampere- 
turns  required. 

In  order  to  find  the  proper  values  of  /3i  and  fi^  we  have 


N       aH 


^  =  B- 


B 


fN 

=  a  \  — 

[a 


I 
B" 


B  ) 


III. 


From  the  original  (H  B)  curve  plot  two  more  curves  with 

I  H 

B  as  abcissae  and  —  and  —  respectively  as   ordinates  ;    we 
B  B 

can   find   on   these  curves   two  values  of   B  which  when 

substituted  in  III.  will  make  x  equal  first  to  b  and  then  to 

c  ;  these  values  are  Bi  and  Ba  respectively. 

This  process  is  evidently  too  cumbersome  for  everyday 

use,  but  the  writer  has  seen  an  ingenious  model  due  to  Mr. 

C.  McMillan,  B.Sc,  which  being  set  to  the  two  constants 

-^ —  and  —  gives,  by  the  simultaneous  motion  of  four  tem- 
o  —  c  a 

plates   carrying  the   four   curves  above   mentioned,  direct 

readings   of    the  ampere-turns  required  ;   a  description  of 

this  instrument  is,  he  understands,  to  be  shortly  published 

by  Mr.  McMillan. 

It  has  been  already  pointed  out  that  it   is  when  the 

influence  of  the  teeth  reluctance  on  the  cross  field  is  in 
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question  that  these  results  are  of  the  greatest  importance  ; 
it  is  also  important  to  notice  the  effect  of  the  tooth  reluct- 
ance on  the  total  number  of  lines  entering  the  armature 
with  a  given  number  of  cross-turns  under  the  pole  face. 
In  a  smooth-core  armature  the  total  flux  entering  the 
armature  under  one  pole  face  is  independent  of  the  cross- 
turns  under  the  pole,  and  it  is  often  assumed  that  the  same 
holds  good  for  slotted  armatures  ;  this,  however,  is  not 
generally  correct. 

Let  F'ig.  3  represent  half  the  magnetic  circuit  of  a 
dynamo  with  A  ampere-turns  on  each  limb  and  C  cross 
ampere-turns  under  one  pole ;  assume  the  reluctance  of  the 
gap  between  armature  core  and  pole  face  to  be  large 
compared  with  that  of  the  rest  of  the  circuit,  so  that  the 
ampere-turns  A  may  be  considered  as  all  acting  on  the  gap  : 


Fig.  3. 

A  must  be  taken  as  the  resultant  ampere-turns  due  to  the 
magnet-turns  and  the  back-turns  on  the  armature. 

At  any  point  at  a  distance  x  from  the  centre-line  of  the 

X 

pole-piece  the  effective  ampere-turns  =  A  -H  t  C  ;    the   in- 
duction B  at  this  point  will  be  some  function  of  this,  say 


B=/(A+^c) 


The  induction  integrated  over  the  pole  face  (assumed  of 
unit  width)  will  give  the  total  flux. 


N  = 


\/(A  +  5*c)d: 
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This  will  be  independent  of  c  if  and  only  if 
clN 


Uc=° 


but 


dC  \  ;       -LJ-dX 

\        dc 
J-/ 

=  \f'{^+^^cY^d^ 


Expand  /'  (A  +-^c)  in  ascending  powers  of  »r  and  let 

/•'  (A  +^c)  =  Ko  +  Ki a:  +  K^x^  +  Ko^s  +  etc.     Then-,^ 
I   '  -^  dc 

=  0  if  Ki  K3  and  all  the  coefficients  of  odd  powers  of  x  are 
each  =  0,  ix.,  if  /'  (A  +  ^  c)  =  Ko  4-  Ka^  +  K4;t:4  +  etc., 

{       ,    ^      ^/(a  +  /0           dx 
but  /'  ( A  +  ^  c  )  = V;: '  —, ^-\ 


^/(A+fc)     , 


dx  c 

Substitute  the  value  of  /'  f  A  +  ^  ^  j  obtained  above,  and 

/(a  4--^^')  =  K+Ko^    +  ^?;r3+^;ir5  +  etc.       IV. 
\  I     J  3  5 

is  the  necessary  condition  for  the  total  flux,  being  indepen- 
dent  of  the  cross-turns  ;  but  if  A  +jx  represent  the  ampere- 

Jurns  at  any  point /f  A  +  j^j  represents  the  corresponding 
induction. 
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If,   therefore,    we    plot   a    curve   with    (a  +  jXj    as 

abscissae,  and/  f  A  +  y  a:  j  as  ordinates,  it  will  be  the  mag- 
netisation curve  of  the  part  of  the  circuit  under  considera- 
tion. 

Let  us  examine  what  form  this  curve  must  take  in  order 
that  the  total  flux  should  be  independent  of  the  cross-turns. 

In  IV.  put  x  =  o 

.'./(a  +-^;»:)  =  KandA+~A:=A, 

the  curve  must  therefore  pass  through  the  point  (A  K). 

Again,  since  the  terms  beyond  K  contain  only  odd  powers 


Y 

^^J —        /r 

O  A 


Fig.  4. 

of  Xf  whatever  value  is  given  to  the  sum  of  these  terms  by 
any  assigned  value  of  x  will  be  repeated,  but  with  the 
opposite  sign  by  changing  the  sign  of  x ;  that  is,  the  curve 
will  have  that  symmetry  about  the  straight  line  through 
(A  K)  parallel  to  the  axis  of  x  which  is  shown  in  figure  4. 

That  the  magnetisation  curve  of  the  gap  should  possess 
this  symmetry  is  the  necessary  condition  in  order  that  the 
total  number  of  lines  should  be  independent  of  the  cross 
turns. 

If  the  gap  between  magnet  and  armature  core  is  entirely 
air,  the  magnetisation  curve  is  a  straight  line  passing  through 
(A  K)  and  possesses  the  necessary  symmetry ;  therefore  in  the 
case  of  a  smooth-core  armature  the  total  flux  is  unaltered  by 
the  cross-turns. 
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This  result  can  be  obtained  directly  from  equation  IV., 
for  suppose  Kg,  K4  and  all  coefficient  except  Ko  vanish, 

.-.  /^A  +  jx)  =  K  +  Ko^t, 

which  will  give  a  straight  line  on  our  diagram. 

If,  however,  there  is  iron  in  the  gap,  such  as  the  teeth 

of  a  slotted  armature,  we  can  see  from  our  knowledge  of 

the  (H  B)   curve  of  iron  that  there  is  only   one  case  in 

^which  the  magnetisation  curve  has  the  necessary  symmetry, 

that   is  when   the  point   (A   K)  coincides  with  the  point 

H=o  B=o  of  the  iron  curve.     The  physical  meaning  of 

this    is   obvious  ;    if  there    are    no   ampere-turns   on   the 

magnets  the   total   flux  into  the  armature   is  o,  and  will 

remain  o  independently  of  whatever  cross-turns  there  may 

be.     Under  no  other  condition  can  the  true  magnetisation 

curve  have  the  required  symmetry,  and  therefore  under  no 

other  conditions  will   the  total   flux  into  the  armature  be 

independent  of  the  cross-turns. 

The  condition  thus  obtained  analytically  is  fairly  obvious 
from  the  purely  physical  conditions  of  the  problem ;  only 
if  the  increased  induction  due  to  an  increase  of  ampere- 
turns  is  exactly  counterbalanced  by  an  equal  decrease  in 
the  induction  due  to  an  equal  decrease  in  ampere-turns 
can  the  reluctance  of  the  gap  remain  a  constant  with 
different  distributions  of  induction  under  the  pole. 

The  above  treatment  does  not  indicate  the  amount  by 
which  the  total  flux  may  be  varied  by  given  values  of  the 
cross-turns,  but  as  a  matter  of  experiment  this  value,  when 
the  teeth  are  worked  at  high  inductions,  is  far  from  negligible 
in  practice,  and  must  be  allowed  for  specially  in  the  case 
of  large  machines. 


ON  THE  ABSOLUTE  VALUES  OF  CAPACITY 
MEASUREMENTS. 

By  J.  Elton  Young,  Member. 

In  the  discussion  of  my  paper  on  "Capacity  Measure- 
ments of  Long  Submarine  Cables"  at  the  Institution  last 
May  {vide  Journal,  vol.  xxviii.  pp.  475  et  seq,),    some  un- 
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certainty  seems  to  have  been  left  respecting  the  precise 
nature  of  the  results  arrived  at  by  the  method  recommended 
in  the  paper,  which  it  is  desirable  to  elucidate  a  little  further. 

The  question  arose  as  to  whether,  after  the  elimination 
of  the  eflfects  of  leakage  and  of  the  difference  of  absorptions 
between  cable  and  condensers,  the  results  of  the  measurement 
really  represent  the  "instantaneous"  or  *' surface "  capacity 
of  the  cable.  It  appears  to  have  been  thought  by  some  that 
such  is  the  case  ;  but  that  it  is  not  so  is  indicated  by  the 
figures  cited  in  my  examples.  These,  although  showing 
uniformity  for  various  times  of  charging,  amounted  to  some- 
thing more  like  the  "  total "  (^i.e.,  instantaneous  plus  residual) 
value  of  the  cable's  capacity,  as  evidenced  by  comparison 
with  the  factory  data,  which  were,  I  believe,  practically 
"  total,"  or  at  any  rate  not  true  surface  capacity.  It  follows 
that  the  results  of  the  test  must  be  quasi'Const3,ni,  not 
absolute,  since  the  total  capacity  should  be  a  function  of  the 
time  of  charge,  whilst  the  surface  component  is  a  constant. 

There  are  two  ways  of  measuring  actual  surface  capacity, 
both  requiring  an  air  standard.  One  is  Dr.  Muirhead's  well- 
known  test,  in  which  absorption  is  eliminated  by  means  of  a 
correcting  reading.  The  other  is  less  generally  known,  and 
is  that  described  by  Lord  Kelvin  in  the  Proceedings  of  the 
Royal  Society  for  May,  1892,  where  absorption  is  not 
allowed  to  interfere,  only  the  static  charges  being  observed, 
employing  an  electrostatic  voltmeter.  It  will  be  found  in 
Munro  and  Jamieson's  Pocket  Book  (13th  edition,  p.  178), 
and  appears  to  be  at  once  very  simple  and  perfect.  These 
two  are  the  only  methods,  so  far  as  I  am  aware,  which  give 
us  the  measure  of  the  true  surface  capacity.  By  either  of 
them  we  can  determine  the  surface  capacity  of  a  naut  or 
other  short  section  of  cable,  which  is  a  constant.  But  they 
cannot  be  applied  to  any  great  lengths  of  cable,  for  the 
reason  that,  for  Lord  Kelvin's,  we  should  require  very  big 
air  condensers  ;  whilst  in  Dr.  Muirhead's  there  are  the  diffi- 
culties alluded  to  in  my  paper  (p.  480). 

The  true  measure  of  the  "  total  "  capacity  of  a  cable,  or 
the  sum  of  its  surface  and  absorptive  capacities,  would  be 
that  arrived  at  either  by  direct  comparison  with  an  air 
standard,  or  else  by  selecting  that  particular  value  of  a 
paraffin  condenser  which  it  has  when  balanced  against  the 
air  standard  after  the  same  time  of  charge  as  that  used  in 
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balancing  it  against  the  cable,  and  employing  this  value  in 
the  ordinary  Gott  or  Thomson  measurement  of  the  cable 
(see  p.  480  of  paper).  But  this  system,  by  leading  to  a 
variety  of  results  dependent  on  the  time  of  charging,  would 
tend  to  complicate  instead  of  simplifying  tests. 

Hence  it  is  that  the  method  recommended,  under  the 
title  of  the  "  modified  Thomson,"  has  been  found  the  best 
plan  for  securing  uniformity  of  measurement,  notwithstand- 
ing that  it  yields  neither  the  surface  nor  the  total  capacity 
absolutely.  It  would  furnish  the  former  were  it  not  that  it 
involves  the  discharging  and  mixing  of  residual  charges. 
Nor  does  it  determine  the  latter  strictly,  because  allowance 
is  not  made  for  the  variation  of  the  condenser  value  with 
time  in  connection  with  this  mixing  of  the  charges. 

I  do  not  think  it  is  necessary  to  reduce  our  measure- 
ments to  their  absolute  values,  since  they  are  all  derived 
from  paraffin  condensers.  But  it  is  therefore  desirable  to 
adhere  to  the  uniform  mode  of  obsei*vation  recommended, 
alike  in  the  factory  and  after  submersion,  thus  fixing  the 
datum  for  localisations  of  insulated  breaks  or  cuts. 

Since  it  appears  that  at  least  three  other  tests  for  inductive 
capacity  originated  with  Lord  Kelvin,  I  think  that,  as  Mr. 
Charles  Bright  suggested,  a  more  distinctive  title  than  the 
"  modified  Thomson "  might  be  given  to  the  method  in 
question.  I  accordingly  propose  to  call  it  Murphy's,  his 
right  to  be  associated  with  it  being  certainly  greater  than 
that  of  any  one  else. 

The  other  questions  raised  during  the  discussion  of  the 
subject  related  mainly  to  the  "  eflfective "  capacity  of  sub- 
marine cables  for  signalling,  a  matter  of  the  greatest  interest, 
but  beyond  the  scope  of  this  communication.  We  are 
indebted  to  Mr.  Charles  Bright  for  laying  special  stress  on 
this  in  his  important  contribution  to  the  telegraphic  debate 
at  the  Institution  last  May ;  and  1  should  like,  in  conclusion, 
to  express  my  regret  that  his  remarks  received  so  little  notice 
in  the  reply  made  on  my  behalf  by  Mr.  Murphy.  It  is  due 
to  Mr.  Bright  to  say  that  his  criticisms  were  substantially 
accepted  by  me,  and  that  I  can  endorse  his  views,  with  the 
exception  of  the  idea,  which  seems  to  have  prevailed 
generally,  as  to  the  actual  results  of  cable  capacity  tests. 
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GENERAL  RULES    RELATING  TO  THE  CONSTITUTION 

AND  MANAGEMENT  OF  LOCAL  SECTIONS  IN 

THE  UNITED  KINGDOM. 

1.  Creation  of  a  Local  Section. — The  Petitioner  Request  to  the  Council 

prescribed  by  Article  No.  65  of  the  Articles  of  Association  as  a 
necessary  preliminary  to  the  creation  of  a  Local  Section,  shall  be 
signed  by  at  least  50  persons,  of  whom  ten  shall  be  Members  or 
Associate  Members  of  the  Institution  of  Electrical  Engineers  or 
persons  qualified  to  belong  to  one  of  these  classes. 

2.  Membership. — The  Membership  of  any  Local  Section  shall  consist  of 

persons  who  are  members  of  any  class  of  the  Institution  of 
Electrical  Engineers,  and  whose  residence  or  occupation  is 
within  a  reasonable  distance  of  such  Local  Centre. 

3.  Subscriptions. — No    special    subscription    shall    be    required     from 

members  of  a  Local  Section,  in  addition  to  those  payable  to 
the  Institution  of  Electrical  Engineers  in  the  ordinary  course  in 
accordance  with  the  Articles  of  Association. 

4.  Expenses. — The  necessary  ordinary  expenses  of  a  Local  Section  shall 

be  borne  by  the  Institution,  subject  to  a  limit,  in  the  form  of  a 
grant,  which  shall  be  fixed  annually  by  the  Council  in  advance. 

5.  Management  of  the  Section. — The  affairs  of  each  Local  Section  shall 

be  managed  by  a  Committee  consisting  of  a  Chairman,  Vice- 
chairman,  and  Honorary  Secretary,  and  not  fewer  than  six 
members  of  whom  the  Chairman  shall  be  a  Member,  and  the 
Vice-chairman  a  Member,  Associate  Member  or  Associate  of  the 
Institution  of  Electrical  Engineers. 

6.  Hon.  Secretaryship  of  Section. — An  Honorary  Secretary  of  the  Section 

shall  be  elected  by  the  Committee,  and  shall  be  of  any  rank  in 
the  Institution  above  that  of  Student. 

7.  Election  of  Officers  and  Council.— -The  mode  and  time  of  election  of 

the  Officers  and  Committee  shall  be  as  nearly  as  possible  the  same 
as  the  mode  and  time  of  election  of  the  Officers  and  Council  of  the 
Institution  of  Electrical  Engineers,  but  the  same  Cliairman  and 
Vice-chairman  shall  not  hold  their  respective  offices  for  two 
years  in  succession,  and  no  one,  except  the  Honorary  Secretary-, 
shall  remain  a  member  of  the  Committee  in  the  same  capacit>'  for 
more  than  three  years  consecutively. 

8.  Representation  on  Council  of  the  Institution.— The  Chairman  of  each 

Local  Section  shall,  in  accordance  with  the  Articles  of  Associa- 
tion, be  cx-officio,  and  during  his  year  of  office,  a  Member  of  the 
Council  of  the  Institution. 

9.  Work  of  the  Committee. — The  Committee  shall  arrange  and  manage 

all  the  affairs  of  the  Section,  in  conformity,  so  far  as  is  possible, 
with  the  practice  of  the  Institution. 
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10.  Communications  to  the  Local  Section. — The  Committee  of  a  Local 

Section  shall  be  the  authority  for  the  acceptance  or  rejection  of 
papers  or  communications  to  be  read  at  the  Meetings  of  such 
Local  Section. 

11.  Publication  of  Papers, — Every  paper  or  communication  read  at  a 

meeting  of  a  Local  Section  shall  be  the  property  of  the  Institution, 
which  shall  have  a  prior  right  to  publish  it  in  the  Journal,  but  if 
that  right  be  not  exercised  within  a  reasonable  time  the  writer 
shall  be  at  liberty  to  publish  it  in  any  way  he  likes. 

12.  Publication  of  Discussions. — ^The  Committee  of  a  Local  Section  shall 

be  the  authority  to  determine  whether  the  report  of  any  discussion 
that  has  taken  place  at  such  Local  Section  shall  be  recommended 
for  publication  by  the  Institution. 

13.  Premiums. — Papers  read  at  Local  Sections  and  published  in  the 

Journal  of  the  Institution  shall,  for  the  purpose  of  award  of 
premiums,  be  deemed  to  have  been  read  at  an  Ordinary  General 
Meeting  of  the  Institution. 

14.  Dates  of  Meetings. — The  dates  of  meetings  of  a  Local  Section  shall 

be  fixed  by  the  Committee,  and  shall  be  announced  at  the 
beginning  of  the  Session. 

15.  Bye-laws. — Each  Local  Section  shall  be  at  liberty  to  prescribe  its 

own  Bye-laws. 

16.  Records. — A  copy  of  every  document  or  paper  printed  or  issued  by 

the  Committee  of  any  Local  Section  shall  be  forwarded  to  the 
Secretary  of  the  Institution  for  record  by  the  Institution. 
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GENERAL  RULES  RELATING  TO  THE  CONSTITUTION  AND 
MANAGEMENT  OF  LOCAL  SECTIONS  BEYOND  THE 
LIMITS  OF  THE  UNITED   KINGDOM. 

1.  Creation  of  a  Local  Stciion  beyond  the  limits  of  the  United  Kingdom,— 

The  Petition  or  Request  to  the  Council  prescribed  by  Article 
No.  65  of  the  Articles  of  Association  as  a  necessary  preliminary  to 
the  creation  of  a  Local  Section  shall  be  signed  by  a  sufficient 
number  of  members  of  any  class  or  classes  in  the  Institution  of 
Electrical  Engineers  to  satisfy  the  Council  that  the  movement 
has  received  an  adequate  amount  of  local  support,  and  that  it  is 
representative  of  Electrical  Engineering  in  the  Colony  or 
Province  submitting  the  petition. 

2.  Membership. — The  membership  of  any  Local  Section  shall  consist  of 

persons  who  are  members  of  any  class  of  the  Institution  of  Elec- 
trical Engineers,  and  whose  residence  or  occupation  is  within  a 
reasonable  distance  of  such  Local  Centre. 

3.  Subscriptions, — Each  member  of  a  Local  Section,  in  addition  to  his 

ordinary  subscription  as  a  non-resident  member  of  the  Institution, 
payable  to  the  Institution  in  the  ordinary  way,  shall  pay  to  that 
•  Local  Section  such  amount  annually  as  the  said  Local  Section 

may  from  time  to  time  prescribe  in  its  rules. 

4.  Expenses. — Each  Local  Section  shall  be  responsible  for  the  expenses 

of  that  Section,  and  shall  administer  at  its  own  discretion  the 
the  amounts  levied  for  local  purposes  under  Rule  3. 

5.  Management  of  the  Section. — ^The  affairs  of  each  Local  Section  shall  be 

managed  by  a  Committee  consisting  of  a  Chairman,  Vice-Chair- 
man,  and  Honorary  Secretary,  and  not  fewer  than  four  members, 
of  whom  the  Chairman  shall  be  a  Member  and  the  Vice-Chainnan 
a  Member,  Associate  Member  or  Associate  of  the  Institution  of 
Electrical  Engineers. 

6.  Hon.  Secretaryship  of  the  Section, — An   Honorary  Secretary  of  the 

Section  shall  be  elected  by  the  Committee,  and  shall  be  of  any 
rank  in  the  Institution  above  that  of  Student. 

7.  Election  of  Officers. — ^The  mode  and  time  of  election  of  the  Officers  and 

the  Council  shall  be  as  nearly  as  possible  the  same  as  laid  down  in 
Articles  numbered  43,  44,  45,  and  57  of  the  Articles  of  Association 
of  the  Institution  of  Electrical  Engineers  for  the  mode  and  time 
of  election  of  Officers  and  Council  of  the  Institution,  subject  to 
the  provision  that  the  Honorary  Secretary  may  remain  in  office 
for  a  longer  period  than  three  years. 

8.  Representation  on  Council  of  Institution. — The  Chairman  of  each  Local 

Section  shall,  in  accordance  with  the  Articles  of  Association,  be 
eX'Officio  and  during  his  term  of  office  a  member  of  Council  ^ 
the  Institution. 


Digitized  by  LjOOQ  IC 


RULES  FOR  LOCAL  SECTIONS  ABROAD.        947 

9.  Work  of  the  Committee. — The  Committee  of  any  Local  Section  shall 

arrange  and  manage  all  the  affairs  of  the  Section,  in  conformity, 
so  far  as  is  possible,  with  the  practice  of  the  Institution. 

10.  Communications  to  the  Local  Section, — The  Committee  of  a  Local 

Section  shall  be  the  authority  for  the  acceptance  or  rejection  of 
papers  or  communications  to  be  read  at  the  meetings  of  such 
Local  Section. 

11.  Publication  of  Papers, — Every  paper  or  communication  read  at  a 

meeting  of  a  Local  Section  shall  be  the  property  of  the  Institu- 
tion, which  shall  have  a  prior  right  to  publish  it  in  the  Journal, 
but  if  that  right  be  not  exercised  within  a  reasonable  time  the 
writer  shall  be  at  liberty  to  publish  it  in  any  way  he  likes. 

12.  Publication  of  Discussions, — Permission  for  the  publication  of  any 

report  of  the  discussion  at  a  Local  Section  shall  rest  with  the 
Committee  of  the  Local  Section. 

13.  Premiums. — Papers  read  at  Local  Sections,  if  considered  by  the 

Council  worthy  of  publication  in  the  Journal  of  the  Institution, 
shall,  for  the  purpose  of  the  award  of  Premiums,  be  deemed  to 
have  been  read  at  an  Ordinary  General  Meeting  of  the  Institu- 
tion. 

14.  Dates  of  Meetings. — The  dates  of  meetings  of  a  Local  Section  shall  be 

fixed  by  the  Committee  and  shall  be  announced  at  the  beginning 
of  the  Session. 

15.  Bye-Laws, — Each  Local  Section  shall  be  at  liberty  to  prescribe  its 

own  Bye-Laws. 

16.  Records, — A  copy  of  every  document  or  paper  printed  or  issued  by 

the  Committee  of  any  Local  Section  shall  be  forwarded  to  the 
Secretary  of  the  Institution  for  record  by  the  Institution. 
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MORGAN  MARK  BEVAN,  born  21st  March,  1849,  died  12th 
October,  1899.  Mr.  Be  van  had  seen  considerable  service  in  various 
capacities  in  both  hemispheres.  From  1874  to  1878,  he  was  with  the 
Western  and  Brazilian  Telegraph  Company  as  Superintendent  at  their 
stations  of  Santa  Catharina  and  Rio  de  Janeiro.  From  1879  to  1883,  and 
again  later,  he  served  with  Messrs.  Siemens  Bros,  and  Co.,  as  electrician 
in  the  testing  of  submarine  cables  during  manufacture,  laying  and 
repair.  From  1883  to  1887,  he  acted  as  electrician  to  the  torpedo 
division  attached  to  the  Argentine  and  Chilian  Governments.  He  was 
afterwards  employed  in  superintending  the  manufacture  and  laying  of 
submarine  <^bles  in  the  West  Indies,  and  from  1897  ^o  1899  he  was 
engaged  in  electrical,  mechanical  and  other  testing  work  at  the  Postal 
Telegraph  Factory,  Mount  Pleasant,  London. 

He  was  elected  a  Member  of  this  Institution  on  the  22nd  of  May,  189a 

J.G. 

THOMAS  BUCKNEY  was  born  December  the  ist,  1838,  and 
died,  after  a  short  illness,  February  ist,  1900. 

He  was  for  many  years  head  of  the  old  established  firm  of  E.  Dent 
&  Co.,  who  are  chronometer,  watch  and  clock  makers  to  Her  Majesty 
and  H.R.H.  the  Prince  of  Wales,  and  who  were  makers  of  the  great 
clock  of  the  Houses  of  Parliament.  One  of  their  estabhshments  in 
Han  way  Place  is  a  factory  for  making  turret  and  other  clocks,  as  well 
as  Patent  Marine  Compasses  and  other  scientific  instruments. 

Mr.  Buckney  took  a  prominent  part  in  designing  the  Standard 
Sidereal  Clock  at  Greenwich  Observatory,  also  the  Galvanic  Chrono- 
graphs at  the  Brussels  and  Japan  Observatories.  He  took  an  active 
part  in  arranging  clocks  for  recording  the  transit  of  Venus  in  1872.  He 
also  designed  galvanic  contact-work  for  ships'  chronometers.  One  of 
his  latest  works  was  designing  and  constructing  the  new  great  clock  for 
the  cathedral  at  Gloucester. 

Mr.  Buckney  read  a  paper  in  January,  1880,  before  the  Royal 
Astronomical  Society,  of  which  he  was  a  Fellow,  on  a  proposed  new 
Uniform  Pressure  Clock. 

He  was  a  Member  of  the  Clockmakers'  Company,  the  Institutions  of 
Electrical  and  Mechanical  Engineers,  the  Society  of  Arts,  and  the 
Committee  appointed  by  the  British  Association  for  the  purpose  of 
determining  a  universal  gauge  for  the  dimensions  and  pitches  of  screws 
employed  in  electrical  and  other  apparatus. 

He  was  elected  a  Member  of  this  Institution  on  the  i8th  of 
January,  1883,  A.S. 

MATPHEW  COOPER.— By  the  death  of  Mr.  Matthew  Cooper  the 
Institution  has  lost  one  of  its  earlier  members.  The  deceased  gentleman 
was  found  dead  in  a  train  at  Finsbury  Park  station  on  his  way  to  the 
City  on  the  morning  of  Thursday,  March  8th.  He  originally  entered 
the  service  of  the  Electric  and  International  Telegraph  Company  in 
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i86i,  and  was  transferred  to  the  Postal  Telegraph  Service  in  1870,  when 
the  various  Telegraph  Companies  in  the  United  Kingdom  were  acquired 
by  the  State.  From  that  time  until  1878,  Mr.  Cooper  was  engaged  in  a 
twanch  which  was  organised  to  deal  with  special  events  arising  through- 
out the  country,  and  in  that  capacity  he  took  charge  of  the  telegraphs  at 
Sandringham  when  the  Prince  of  Wales  was  in  residence. 

Subsequent  to  the  year  1878,  Mr.  Cooper  was  attached  to  the  staff 
of  the  Engineer-in-chief,  and  at  the  time  of  his  death  he  held  the 
position  of  Principal  Technical  Officer.  He  was  associated  with  the 
development  of  the  various  systems  of  telegraphy  which  have  been 
brought  into  qse  in  the  Post  Office  during  the  past  twenty  years.  He 
took  an  active  share  in  improving  duplex  telegraphy,  and  subsequently 
the  successful  working  of  the  quadruplex  and  multiplex  systems  was 
largely  due  to  the  untiring  energy  with  which  he  devoted  his  extensive 
knowledge  of  details  and  his  mechanical  skill  to  tiheir  development. 
Since  the  introduction  of  the  telephone,  Mr.  Cooper  has  been  associated 
with  its  extension  in  the  Postal  Service,  af d  for  some  time  past  he  had 
been  engaged  in  working  out  details  for  the  equipment  of  the  telephone 
exchanges  which  are  to  be  installed  in  connection  with  the  proposed 
Government  scheme  for  the  telephoning  of  London.  Mr.  Cooper 
served  as  an  Associate  Member  of  Council  of  the  Institution  in  the  year 
1892.  His  untimely  death  occurred  at  the  comparatively  early  age  of 
fifty-three. 

His  resourceful  tact  and  the  geniality  of  his  disposition  endeared 
him  to  all  with  whom  he  had  business  relations,  and  his  loss  has  been 
much  felt. 

He  was  elected  an  Associate  of  this  Institution  on  the  14th  of 
April,  1880.  J.  G. 

MONTAGU  CHARLES  DENT  received  his  educaUon  from  1885 
to  1889  at  Eton,  and  at  King's  College,  London,  from  1890  to  1891.  He 
served  his  time  with  Messrs.  Robey  and  Co.,  Lincoln,  from  1892  to 
1894,  and  also  at  the  works  of  the  Brush  Electrical  Engineering  Com- 
pany, Limited,  Loughborough,  Leicestershire,  from  1894  ^^  1896. 

During  1896  and  part  of  1897  he  was  employed  on  installation  work 
at  Arundel  Castle,  on  central  station  work  at  the  Wandsworth  electric 
light  station,  and  in  the  erection  of  the  exhibition  plant  at  the  Earl's 
Court  Exhibition.  On  October  ist,  1898,  he  joined  Mr.  Reginald  J. 
Wallis-Jones  in  partnership  as  consulting  engineers  in  Westminster,  and 
carried  out  several  important  installations  of  electric  light  and  power 
plants.  He  died  at  the  age  of  27,  on  June  28th,  1890,  after  a  very  short 
illness  subsequent  to  an  internal  operation. 

He  was  elected  an  Associate  of  this  Institution  on  the  15th  of 
December,  1898,  and  was  transferred  to  the  class  of  Associate  Members 
on  the  9th  of  February,  1899.  R.  S.  W. 

JAMES  DRUMMOND  DOYLE,  who  died  at  the  age  of  forty-four, 
on  the  7th  of  December,  1899,  was  the  son  of  a  weH-known  Australian 
journalist.  He  commenced  his  life's  work  at  the  age  of  thirteen  in  the 
Department  of  Railways  in   Victoria.      Having  matriculated  at  the 
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University  at  the  same  age,  he  continued  his  studies  whilst  still  engaged 
in  official  work,  with  a  view  to  joining  the  legal  profession.  In  the  end, 
however,  he  decided  not  to  sever  his  connection  with  the  railiway,  and 
-whilst  still  quite  young  became  manager  of  the  chief  railway  telegraph 
office  in  Melbourne.  In  1891  the  offices  of  Telegraph  and  Traffic 
Inspector  were  united,  and  Mr.  Doyle,  at  his  own  request,  obtained  the 
position  of  Chief  Clerk  in  the  Locomotive  Branch,  which  necessitated  less 
travelling  than  would  devolve  upon  the  holder  of  the  joint  inspectorship. 
He  acted  for  a  time  as  one  of  the  electricians  of  the  Naval  Torpedo 
School  in  Melbourne,  and  was  a  member  of  several  important  com- 
missions. His  energy,  ability,  and  conscientious  worlr earned  for  him 
the  confidence  and  respect  of  his  Department,  and  his  personal  character 
endeared  him  to  those  with  whom  he  was  brought  in  contact 

Mr.  Doyle  was  elected  an  Associate  of  this  Institution,  then  the 
Society  of  Telegraph  Engineers,  on  the  12th  of  December,  1877,  and 
was  transferred  to  the  class  of  Members  on  the  24th  of  November,  188 1. 

LUDWIG  EPSTEIN  was  an  Austrian  by  nationality,  being  the 
only  son  of  a  banker  at  Teplitz  in  Bohemia,  a  well-known  health  resort 
He  was  born  in  1853,  and  was  consequently  only  forty-six  years  of 
age  at  the  time  of  his  death  in  August,  1899. 

His  father,  recognising  the  liking  of  his  son  for  physical  research, 
provided  him  with  a  laboratory,  and  at  the  early  age  of  seventeen  he 
was  busy  preparing  himself  for  the  study  of  accumulators,  the  improve- 
ment and  application  of  which  were  his  sole  object  for  nearly  twenty- 
five  years. 

In  1879  he  came  to  England  and  carried  on  a  series  of  experiments 
at  the  works  of  the  Pilsen  Joel  Company.  During  nearly  three  years' 
stay  in  England  he  progressed  so  far  that  he  returned  to  the  Continent 
and  commenced  manufacture  at  Leipzig,  A  misfortune  befell  his 
business  there  by  the  occurrence  of  a  series  of  short  circuits  on  a  tem- 
porary installation  in  the  Gewandhaus  on  the  occasion  of  a  royal  visit 
His  accumulators,  which  were  being  used  to  provide  the  current,  were 
in  no  way  to  blame,  but  the  prejudice  created  by  the  mishap  was  too 
great  to  overcome.  Moving  to  Berlin  his  accumulator  was  taken  up  by 
the  firm  of  Siemens  and  Halske,  and  Mr.  Epstein  became  the  director 
of  the  accumulator  department  of  that  firm.  He  married  in  1886.  In 
1889  he  became  seriously  a£Fected  by  lead  poisoning,  and  during  his 
convalescence  he  took  the  opportunity  to  reconsider  the  whole  question 
of  accumulator  manufacture.  Up  to  that  time  he  had  adhered  to  the 
pasted  grid  system  of  making  plates ;  thenceforward  he  became  the 
apostle  of  the  modified  Plante. 

In  1890  he  brought  his  new  plates  to  London,  and  after  undergoing 
severe  tests  they  were  taken  up  by  Woodhouse  and  Rawson,  Li  mited, 
and  a  year  later  the  Epstein  Company  was  formed. 

The  results  obtained  showed  that  a  great  step  in  advance  had  been 
made,  and  the  Epstein  cells  rapidly  came  into  favour  on  account  of 
their  freedom  from  most  of  the  weaknesses  long  associated  with 
accumulators. 

Mr.  Epstein  soon  attacked  the  problem  of  accumulator  traction, 
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though  the  figures  obtained  during  a  two  years'  trial  on  a  section  of  the 
Birmingham  tramways  were  not  encouraging  to  the  cause  in  England  ; 
but,  as  was  acknowledged  afterwards  in  the.discussion  of  a  paper  on  the 
subject  of  electric  traction  at  the  Institution  of  Electrical  Engineers  by 
Mr«  Epstein,  the  fault  lay  not  with  the  accumulators  but  with  the 
installation  of  the  system. 

Mr.  Epstein  had  set  himself  a  high  ideal  for  an  accumulator,  and 
towards  this  he  continued  to  press.  Experiments  were  constantly 
carried  on  in  his  private  laboratory  at  Richmond.  The  application  of 
accumulators  to  launches,  torpedoes,  and  traction  work  generally 
occupied  the  whole  of  his -time,  and  to  the  last  he  was  at  work  on  an 
improved  form  of  traction  cell.  His  early  death  was  caused  by  the 
worry  of  litigation  affecting  an  impetuous  mind  concentrated  upon 
arriving  at  perfection.  His  great  experience  of  accumulators  made 
him  a  valuable  authority  on  the  subject,  and  though  an  enthusiast  in 
his  special  line  he  always  recognised  the  limitations  of  the  lead 
accumulator,  and  was  ready  to  try  any  substitute  which  showed 
promise  of  success. 

He  was  a  great  admirer  of  all  things  English ;  if  he  had  lived  he 
had  intended  to  become  a  naturalised  British  subject.  He  leaves  a 
widow  and  one  boy. 

He  became  an  Associate  of  the  Institution  on  the  24th  of  November, 
1892,  and  was  transferred  to  the.  class  of  Members  on  the  25th  of 
February,  1897.  His  paper  on  "  Accumulator  Traction  on  Rails  and 
Ordinary  Roads"  was  read  at  the  Ordinary  General  Meeting  on  the 
nth  of  November,  1897. 

W.  S.  R. 

DAVID  EDWARD  HUGHES,  F.RS.— On  the  22nd  of  January  in 
the  present  year  death  deprived  the  world  of  Science  and  this  Institution 
of  one  of  the  most  brilliant  experimental  discoverers  and  inventors  of  the 
century  ;  and  at  the  same  time  a  large  circle  of  friends  lost  one  of  their 
number  whom  they  loved  and  greatly  admired. 

David  Edward  Hughes  was  a  Welshman  by  parentage,  a  Londoner 
by  birth,  and  for  some  twenty  years  an  American  by  adoption,  return- 
ing in  1857  to  this  country,  where  he  settled  and  remained  until  his 
death.  Born  in  London  on  the  i6th  of  May,  1830,  he,  with  his  parents, 
migrated  to  Virginia  when  he  was  barely  seven  j'ears  old.  From  a 
very  early  age  the  boy  displayed  a  remarkable  talent  for  music,  and 
this  developed  to  such  an. extent  that  at  the  age  of  nineteen  he  was 
appointed  Professor  of  Music  in  the  Bardstown  College  in  Kentucky  ; 
but  side  by  side  with  his  love  of  music  was,  at  the  same  ti  me,  develop- 
ing a  love  for  experimental  science,  chiefly  in  the  domain  of  Physics. 
After  holding  his  musical  professorship  for  a  short  time  he  was  ap- 
pointed to  the  Chair  of  Natural  Philosophy  in  the  same  college,  and  for 
a  time  taught  both  Music  and  Physics.  It  was  during  this  period  that 
he  first  conceived  the  idea  of  the  Printing  Telegraph  with  which  his 
name  must  ever  be  associated.  The  Hughes  Type  Printer  is  so  well 
known  to  the  readers  of  this  Journal  that  it  would  be  superfluous  to 
describe  it ;  but  one  of  its  essential  characteristics  is  the  wonderfully 
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perfect  synchronism  of  the  transmitting  and  receiving  instmnients, 
which  is  attained  by  the  substitution  of  circularly  vibrating  spring 
for  tuning-forks,  an  invention  that  has  been  applied  for  similar  purposes 
very  often  since  he  introduced  it.  Another  organ  of  his  iastraznent, 
and  a  valuable  invention  in  itself,  is  the  Hughes  Magnet,  in  ^vrhich  the 
armature  is  released  when  a  current  passes  through  its  coils  ;  it  consists 
of  a  permanent  magnet  that  is  strong  enough  to  hold  up,  by  its  own 
magnetic  attraction,  an  armature,  but  which  can  be  weakened  at  will  by 
transmitting  through  coils  that  surround  it  an  electric  current  in  a 
direction  whose  tendency  is  to  reverse  its  polarity.  This  again  has  had 
many  applications  since,  notably  in  connection  with  railway  signalling. 

In  1857,  Professor  Hughes  brought  his  invention  to  this  country, 
but,  being  unsuccessful  in  interesting  the  Electric  Telegraph  Company 
of  that  date  to  take  it  up,  he  went  over  to  the  Continent,  where  he  met 
with  a  very  different  reception.    The  Emperor  Louis  Napoleon  received 
him  with  distinction,  and  conferred  upon  him  the  decoration   of  the 
Imperial  Order  of  the  Legion  of  Honour,  of  which  he  ultimately  became 
a  Commander,  and  from  this  period  successes  and  honours  followed 
him  in  rapid  succession.    In  1862  he  received  from  the  King  of  Italy 
the  Order  of  St.  Meurice  and  St.  Lazare  ;  in  1865  the  Czar,  whose  guest 
he  was,  conferred  upon  him  the  Order  of  St.  Anne.     The  Emperor  of 
Austria,  in  1867,  gave  him  the  Iron  Crown,  which  carried  with  it  the  title 
of  Baron,  and  at  the  same  time  the  Sultan  conferred  upon  him  the  Com- 
mandership  of  the  Imperial  Order  of  the  Grand  Cross  of  the  Medjidieh  ; 
Holland  followed  in  1868,  and  during  the  next  year  he  received  from  the 
King  of  Bavaria  the  Noble  Order  of  St.  Michael.    Switzerland  followed 
in  1870,  and  five  years  later  he  was  made  by  Spain  a  Commander  of  the 
Royal  and  Distinguished  Order  of  Carlos  III.     He  had  also  the  Grand 
Officer's  Star  and  Collar  of  the  Servian  Royal  Order  of  Takovo,  and 
was  an  Officer  of  the  Royal  Order  of  Leopold  of  Belgium.     He  was 
also,  at  the  Paris  Exhibition  of  1867,  awarded  one  of  ten  Grand  Gold 
Medals  granted  to  mark  the  highest  achievements  in  Science.     All 
these  honours  and  decorations  were  given  in  recognition  of  the  import- 
ance which  the  several  rulers  and  administrations  attached  to  the  type 
printing  telegraph,  which   came  into  very  general  use  in   all   those 
countries,  with  great  financial  advantage  to  the  inventor,  and  which  was 
adopted  by   the   New  York  Associated   Press  and  by  the  Western 
Union  Telegraph  Company  of  the  United  States.    Thus  Professor 
Hughes  was  for  this  invention  rewarded  and  honoured  by  well  ni^ 
every  civilised  country  in  the  world  except  his  own. 

From  the  time  that  the  development  of  the  type  printer  no  longer 
required  the  personal  attention  of  its  inventor,  he,  although  in  receipt 
of  a  splendid  income,  settled  in  modest  quarters  in  London  and  devx>ted 
himself  to  experimental  research,  chiefly  in  connection  with  Electricity 
and  Magnetism,  and  his  discoveries,  some  of  which  were  nothing  short 
of  epoch-making,  were  made  with  the  very  simplest  of  home-made 
apparatus.  With  the  help  of  a  few  match  boxes  and  pill  boxes,  needles, 
copper  wire,  and  sealing  wax,  Professor  Hughes  built  up  most  of  the 
instruments  he  required  for  an  elaborate  research,  and  obtained  the 
most  accurate  results.     His  constant  batteries  were  cofKtructed    of 
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gallipots  and  lamp  chimneys,  copper  bell  wire,  sheet  zinc  and  pipe- 
clay, and  it  was  always  the  delight  and  admiration  of  all  who  had  the 
privilege  of  seeing  him  at  work  to  observe  the  spirit  of  the  true  philo- 
sopher who,  with  such  apparently  rough  apparatus,  attained  such 
accurate  and  important  results. 

In  the  month  of  May,  1878,  a  few  friends  assembled  at  his  rooms  in 
Great  Portland  Street  to  witness  some  demonstrations  of  what  was  then 
thought  to  be  the  discovery  by  Professor  Hughes  of  "  a  material  which 
bore  an  analogous  relation  to  sound  that  selenium  bore  to  light,"  but 
which  was  the  first  demonstration  of  the  epoch-making  Microphone ; 
this  little  gathering  consisted  of  the  late  Professor  Huxley,  Mr.  (now 
Sir)  William  Preece,  Mr.  (now  Sir)  Norman  Lockyer,  Mr.  Conrad  Cooke, 
and  Mr.  Perry  Nursey.  The  experiments  were  repeated  at  the  Meeting 
of  the  Ro3ral  Society  in  the  following  week ;  and  an  illustrated  descrip- 
tion, in  which  the  now  accepted  theory  of  the  action  of  the  Microphone 
was  given  for  the  first  time,  appeared"  in  the  columns  of  Engineering  the 
next  day. 

It  is  not  too  much  to  say  that,  but  for  the  discovery  by  Professor 
Hughes  of  the  variation  of  electrical  resistance  by  the  variation  of 
s:u-face  contact  between  two  or  more  conductors  touching  lightly 
together  in  exact  proportion  to  sonorous  waves  impinging  upon  them, 
whereby  they  are  set  into  sympathetic  vibration,  the  telephone  could 
never  have  been  made  the  practical  instrument  that  we  know  to-day; 
and  although  Professor  Hughes  fully  appreciated  the  future  there  was 
before  the  microphone,  he  refused  all  suggestions  of  converting  it  to 
commercial  use  for  his  own  benefit,  and  gave  the  invention  and  dis- 
covery freely  to  the  world  as  the  true  man  of  Science  that  he  was. 

The  microphone  was  almost  immediately  followed  by  his  Induction 
Balance,  by  which  the  presence  of  an  inductive  mass  may  be  detected 
at  a  distance,  and  it  will  be  within  the  memory  of  many  who  read  this 
notice  that  it  was  successfully  applied  to  locating  the  bullet  in  the  body 
of  President  Garfield,  who  died  by  the  hand  of  an  assassin  in  the  year 
1881.  It  is  also  applicable  to  the  tracing  of  metallic  ores  in  the  earth, 
and,  by  a  simple  modification,  it  becomes  an  instrument  for  measuring 
the  sensitiveness  of  the  sense  of  hearing. 

The  subject  of  transmitting  telegraphic  signals  from  one  station  to 
another  without  a  metallic  conductor  between  them  engaged  the 
attention  of  Professor  Hughes  between  1879  and  1886,  and  there  is  no 
doubt  that  he  discovered  at  that  time  the  fact  that  poor  conductors, 
such  as  finely-divided  metals  or  carbon,  become  good  conductors  under 
the  influence  of  electric  waves,  a  discovery  which  was  subsequently 
made  by  M.  Branly,  and  which  we  now  know  as  the  phenomenon  of 
cohesion  by  the  impact  of  etheric  or  Hertzian  waves.  With  such  a 
coherer.  Professor  Hughes,  some  twenty  years  ago,  in  the  presence  of 
Professor  Huxley,  Professor  Stokes,  and  Mr.  Spottiswoode  (then  Presi- 
dent of  the  Royal  Society),  transmitted  electric  signals  without  connect- 
ing wires  to  a  distance  of  five  hundred  yards,  and  attributed  the  action 
of  the  combination  to  the  results  of  electric  waves  produced  by  the 
extra  current  from  an  induction  coil  beating  upon  a  microphone  con- 
sisting of  a  semi-metallic  powder. 
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Professor  Hughes  was  elected  a  foreign  member  of  this  institution, 
then  the  Society  of  Telegraph  Engineers,  in  November,  1872,  being 
transferred  to  the  class  of  Members  in  1879.  I"  ^^^  following  year  he 
was  elected  a  Member  of  Council ;  in  1882  he  became  a  Vice-President ; 
and,  in  1886,  he  was  selected  for,  and  unanimously  elected  to,  the  office 
of  President  of  the  Society. 

In  addition  to  his  Presidential  Address  on  "  Self-induction  of  an 
Electric  Current  in  Relation  to  the  Nature  and  Form  of  its  Conductor,** 
he  read  before  the  Institution  the  following  papers : — 

"  Experimental  Researches  into  Means  of  Preventing  Induction 

upon  Lateral  Wires." 
"  Note  on  some  Effects  produced  by  the  Immersion  of  Steel  and 

Iron  Wire  in  Acidulated  Water." 
''The  Cause  of  Evident  Magnetism  in  Iron,  Steel,  and  other 

Magnetic  Bodies." 
"  The  Physical  Action  of  the  Microphone." 
"  Oil  as  an  Insulator." 

He  also,  in  the  Journal,  published  a  "  Communication  *'  in  reference 
to  Standard  of  Light,  and,  in  conjunction  with  Sir  Charles  Bright,  con- 
tributed the  Report  upon  the  International  Exhibition  of  Electricity  in 
Paris,  1881. 

In  the  year  1880  he  was  elected  a  Fellow  of  the  Royal  Society,  and 
five  years  later  he  received  the  Royal  Society's  Gold  Medal,  which  was 
awarded  "for  Experimental  Research  in  Electricity  and  Magnetism, 
and  for  the  Invention  of  the  Microphone,  Induction  Balance,  and 
Sonometer."  He  was  a  Life  Member  of  the  Society  of  Arts,  and  t^ix) 
years  ago  he  was  awarded  the  Albert  Medal  of  the  Society  for  his  dis- 
tinguished services  to  the  cause  of  Science  and  "  in  recognition  of  the 
service  he  has  rendered  to  Arts,  Manufactures,  and  Commerce  by  his 
numerous  inventions  in  Electricity  and  Magnetism,  especially  the 
Printing  Telegraph  and  the  Microphone." 

He  was  in  the  year  1889  elected  one  of  the  Managers  of  the  Royal 
Institution,  becoming  Vice-President  in  1891. 

Professor  Hughes,  besides  being  an  enthusiastic  worker  in  Science 
and  a  great  inventor,  had  another  side  to  his  character  which  will 
render  him  none  the  less  missed  in  the  world.  He  was  simple  in  his 
tastes  and  modest  as  to  his  exceptional  genius  ;  he  was  one  of  the  best 
and  most  genial  of  companions,  with  a  keen  sense  of  the  ridiculous, 
thoroughly  appreciative  of  fun  in  others,  and  those  who  were  privileged 
to  belong  to  the  little  coterie  that  used  to, meet  at  luncheon  three  times 
a  week,  first  at  the*  Horseshoe,  Tottenham  Court  Road,  afterwards  at 
the  Societe  Nationale  Fran^aise,  and  ultimately  at  Frascati's  Restaurant, 
will  ever  recall  with  pride  and  happy  remembrance  his  genial  comrade- 
ship, his  merry  and  contagious  laugh,  his  inexhaustible  fund  of  informa- 
tion or  story,  and  simple  and  lovable  disposition.  His  memory  will  be 
revered  by  the  world  at  large,  but  by  that  inner  circle  of  his  intimate 
friends  that  memory  will  be  cherished  with  a  loving  tenderness. 

C.  w.  c. 
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FRANK  KING,  who  died  on  Tliursday,  August  3,  1899,  at  the  age 
of  forty-five,  was  one  of  those  electrical  engineers  who,  since  1880,  have 
been  intimately  connected  with  works  of  electrical  distribution  and 
storage. 

His  name,  associated  with  those  of  Messrs.  Brougham  and  Taylor, 
became  known  in  the  pioneer  days  of  town  electric  lighting  as  one  of 
the  inventors  of  the  B.T.K.  accumulator,  used  first  at  Colchester  in 
1882. 

Soon  after  joining  the  Electric  Power  Storage  Company  in  1886  he 
turned  his  attention,  not  only  to  the  improvement  of  accumulators,  but 
also  to  the  association  of  storage  with  distribution  on  a  larger  scale 
than  had  been  previously  attempted. 

At  that  time  the  numerous  failures  with  secondary  batteries  in 
private  installations  had  led  many  to  doubt  if  so  costly  though  con- 
venient an  adjunct  to  electric  lighting  would  succeed  commercially, 
and  it  required  a  man  of  Mr.  King's  perseverance  and  ingenuity  to 
apply  the  experience  which  these  failures  provided,  so  as  to  arrive  at 
the  success  which  is  now  taken  for  granted. 

He  improved  the  means  :  of  fbdng  and  insulating  the  plates,  the 
prevention  of  short-circuiting  within  the  cell,  and  of  removing,  re- 
placing and  connecting  them.  These  improvements  were  the  subject 
of  patents  of  which  little  may  now  be  thought,  but  wfiich  at  the  time 
covered  valuable  adaptations,  the  use  of  which  had  the  e£Fect  of 
removing  many  of  the  difficulties  and  much  of  the  prejudice  which  at 
first,  between  1883  and  1887,  existed  against  the  use  of  accumulators. 

While  following  up  these  minor  improvements,  Mr.  King  turned  his 
attention  to  the  use  of  accumulators  on  a  large  scale  in  connection  with 
the  public  supply  and  distribution  of  electricity,  and  there  is  little  doubt 
he  looked  forward  to  the  time  when  this  kind  of  transformation  would 
be  in  universal  use. 

For  purposes  of  practical  application  he  designed  a  combination  of 
apparatus  and  circuits  whereby  the  charge  and  discharge  of  secondary 
batteries  was  automatically  accomplished  at  the  proper  times  without 
interruption  of  the  charging  or  discharging  circuits,  and  whereby  the 
charging  current,  which  was  of  high  tension,  was  prevented  from 
reaching  the  distributing  mains. 

The  system  which  formed  the  subject  of  Mr.  King's  patents  of  1886 
and  1887  formed  part  of  the  original  installation  of  the  Chelsea  Electricity 
Supply  Company  in  1889,  and  the  whole  of  the  apparatus  was  designed 
and  installed  in  Chelsea  (and  in  a  part  of  Kensington,  which  was  then 
included  in  the  Chelsea  order)  by  Mr.  King  as  engineer  of  the  Electric 
Power  Storage  Company. 

In  the  same  year  it  was  described  to  a  meeting  of  G  Section  of  the 
British  Association  at  Newcastle  by  Major-General  Webber,  who  at 
the  time  was  in  charge  of  the  engineering  management  of  the  Chelsea 
Company,  and  later  on  it  was  again  described  by  him  in  a  paper  read 
before  the  Institution,  and  published  in  Vol.  XX.  of  the  Journal. 

The  chief  objects  of  the  inventor,  namely,  (i)  for  effecting  his  object 
without  interrupting  the  supply  ;  (2)  for  automatically  indicating  the 
completion  of  the  charging  of  each  set  of  batteries ;  (3)  for  automatically, 
VOL.  XXIX.  64 
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on  such  completion,  changing  a  set  of  batteries  from  a  position  of  bdsg 
charged  to  one  of  being  discharged,  requiring  the  transposition  of  ta 
connections  from  series  to  parallel  and  vice  versa  ;  and  (4)  the  employ- 
ment of  counter  electro-motive  force-cells  and  controlling  appao^ins 
for  regulating  the  pressure  in  the  discharge  circuit,  was  carried  ont^nci 
only  in  theory  but  in  practice,  all  possible  conditions  having  been 
anticipated  and  provided  for. 

As  with  other  appliances,  experience  showed  that,  as  the  network 
of  distribution  extended  and  the  demand  for  current  increased,  the 
same  ends  could  be  secured  by  more  simple  methods. 

Soon  after  1892,  when  Mr.  King  was  appointed  to  the  engineeriog 
management  of  the  Chelsea  Company,  while  the  large  use  of  storage 
continued  to  be  the  chief  characteristic  of  the  system  in  that  parish, 
the  use  of  this  remarkable  example  of  Mr,  King's  inventive  genius  wiS 
discontinued. 

To  his  ripe  experience  the  Chelsea  Company  owes  the  design  not 
only  of  their  present  central  station  in  Manor  Street,  Chelsea  (which, 
since  his  death,  has  been  completed),  but  also  of  several  of  thct 
continuous  current  transforming  stations,  in  each  of  which  are  placed 
large  batteries  of  accumulators,  of  a  capacity  to  provide  the  summer 
daylight  load,  within  the  districts  of  which  these  sub-stations  form  the 
centre  of  supply. 

Mr.  King  was  elected  an  Associate  of  this  Institution  on  the  nth  of 
December,  1884,  and  was  transferred  to  the  class  of  Members  on  the 
loth  of  January,  1889,  Although  he  never  contributed  a  paper,  he 
sometimes  took  part  in  the  discussions  at  meetings  of  the  Institution. 

C.  E.  W. 

BENJAMIN  SMITH,  who  died  on  the  9th  of  August,   1899,  was 
born  in  1838,  at  Newhaven,  near  Brighton.     He  was  educated  ia 
Newhaven,  and  gained  his  earliest  business  experience  in  a  bank  in  that 
town.    He  was  next  attached,  first  to  the  Electric  and  International 
Company,  and    then  to  the   telegraph  department  of  the  London, 
Brighton,  and  South  Coast  Railway  Company.     Leaving  this  employ- 
ment in  1857,  he  was  with  the  Atlantic  Telegraph  Company  until  1861, 
during  which  period  he  acted  as  an  assistant  electrician  in  the  expedition 
which  successfully  laid  the  1858  Atlantic  cable.     He  afterwards  joined 
Messrs.  Glass,  Elliott  &  Company,  and  obtained  with  them  considerable 
experience  in  cable-laying.     At  a  later  date  he  joined  the  Eastern 
Telegraph    Company,  serving    successively  at  Tripoli,  Malta,  Aden, 
Alexandria,  and  Bombay.    In  1879  ^^  ^^^^  transferred  to  the  Eastern 
and  South  African  Company,  and  from  1882  until   1899  was  their 
divisional  manager  at  Alexandria.  By  his  work  in  the  decade  1 870-1880 
he  contributed  substantially  to  the  development  of  duplex  telegraphy 
as  applied  to  submarine  work,  and  introduced  a  bridge  method  of  his 
own  in  1876.     In  1879,  with  the  aid  of  his  recorder-switch,  he  intro- 
duced a  "  human  relay  system,"  by  which  was  facilitated  the  forwarding 
of    messages    through    intermediate    stations  in    which    no   electro- 
mechanical relay  was  used.     He  received  several  decorations  from  the 
Eg3rptian  Government  in  recognition  of  his  services  at  various  times* 
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He  was  elected  an  Associate  of  this  Institution  on  the  9th  of 
December,  1874,  and  was  transferred  to  the  class  of  Members  on  the 
i6th  of  July,  1897. 

FREDERICK  WYLES  was  a  native  of  Kent,  and  studied  engineer- 
ing work  at  Rochester  and  Chatham.  Upon  the  recommendation  of 
Sir  William  Preece,  he  was  appointed  Assistant  Telegraph  Engineer  to 
the  London  and  South- Western  Railway  Company  in  succession  to 
Mr.  A.  R.  M,  Simkins,  on  October  i,  1883.  For  seventeen  years  he 
distinguished  himself  by  a  comprehensive  thoroughness  in  his  work, 
combined  with  an  earnestness  and  amiability  which  won  for  him  the 
esteem  of  all  ^th  whom  he  came  in  contact.  The  South-Western 
Railway  Company  have  lost  a  most  respected  and  efficient  officer,  who 
seemed  destined  to  take  a  foremost  position  amongst  railway  electrical 
men.  After  an  illness  of  a  few  days,  he  succumbed,  to  pneumonia 
following  on  a  chill,  on  the  7th  of  May,  at  the  age  of  thirty-nine  years. 

He  was  elected  an  Associate  of  this  Institution  on  the  i8th  of. 
January,  1883,  and  was  transferred  to  the  class  of  Members  on  the  8th 
Cf  March,  1888. 

C.  G. 
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1.  The  Institution's  Library  is  open  to  members  of  all 

Scientific  Bodies,  and  (on  application  to  the  Secre- 
tary) to  the  Public  generally. 

2.  The  Library  is  open  (except  from  the  14th  August  to 

the  16th  September)  daily  between  the  hours  of 
10.0  a.m.  and  6.30  p.m.,  except  on  Saturdays,  when 
it  closes  at  2.0  p.m. 
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Practice 346 

in  Reply  to  the  Discussion  on  his  Paper        37^ 

Jungfrau  Electric  Railway,  Visit  to          222 

Kander  Power-House  (Spiez),  Visit  to     212 

Kapp,  Mr.  G.,  in  Discussion  on  Utilisation  of  Schaffhausen  Water-Power  ...  184 
Kelvin,  Lord,  G.C.V.O.,  F.R.S.,  elected  Chairman  of  Glasgow  Local  Section  243 
Kempster,  Mr.  J.  W.,  in  Discussion  on  Distant  Electric  Power  Transmis- 
sion            673 

King,  Mr.  Frank,  Obituary  Notice  of       955 

Kingsbury,  Mr.  J.  E.,  elected  Member  of  Council         887 

in  Discussion  on  Standardisation  of  Electrical  Engineering 

Plant        '  336 

in  Seconding  the  Motion  for  the  Adoption  of  the  Annual 

Report     881 

Lackie,  Mr.  W.  W.,  on  Method  of  Charging  for  Public  Supply  of  Elec- 
tricity (Glasgow  Local  Section)         678 

in  Reply  to  the  Discussion  on  his  (Glasgow)  Paper 689 

Langdon,  Mr.  W.  E.,  re-elected  Vice-President 887 

Langdon-Davies,  Mr.  W.,  in  Discussion  on  an  Alternating  Current  Induc- 
tion Motor          839 

Lawson,  Mr.  A.  J.,  re-elected  Member  of  Council         ...  887 

in  Discussion  on  Cost  of  Steam  Raising  and  of  Electrical 

Energy 102 

in  Discussion  on  Electrical  Equipment  of  Ships  of  War      ...  613 

in  Proposing  Vote  of  Thanks  to  Hon.  Auditors         886 

Levin,  Mr.  A.  E.,  in  Discussion  on  Report  of  Swiss  Visit        251 

in  Discussion  on  Standardisation  of  Electrical  Engineering 

Plant        329 

Lewis,  Mr.  J.  Slater,  in  Discussion  on  Standardisation  of  Electrical  Engi- 
neering Plant      306 

Library,  Alteration  of  Hours          887 

Names  of  Donors  to...  2,  88,  118,  193,  289,  315,  345,  524,  627,  742,  798,  857 

Report  of  Secretary 868 

Lighting  and  Power  Stations,  Swiss,  Visits  to 197 

Electric,  of  Ships  of  War 538 

Local  Sections,  Creation  of  in  Cape  Town,  Dublin,  Glasgow,  and  Newcastle- 

on-Tyne 118 

• Creation  of  in  Manchester          346 

Officers  and  Committees  of         243,  390 

Rules  for      944,  94^ 

Lockwood,  Mr.  T.  D.,  in  Discussion  on  a  Frictionless  Motor  Meter ...       781,  788 

Locomotive  Works,  Swiss,  Visit  to           201 

Lodge,  Professor  O..  F.R.S.,  Presentation  of  Fahie  Premium  to       11 


Digitized  by  LjOOQ  IC 


968  INDEX, 

PACK 

Luke,  Mr.  P.  v.,  re-elected  Member  of  Council **7 

Lund,  Mr.  A.  J.,  in  Discussion  on  Electrical  Time  Service     141 

Luzern  Electric  Tramways,  Visit  to         219 

McGregor,  Mr.  W.,  in  Discussion  on  the  Annual  Report        882 

in  Seconding  Vote  of  Thanks  to  Institution  of  Civil  Engi- 
neers          ^^ 

Mackrow,  Mr.  G.  C,  in  Discussion  on  Electrical  Equipment  of  Ships  of 

War          620 

Maclean,   Professor  Magnus,   D.Sc,  elected  Vice-Chairman  of   Glasgow 

Local  Section      243 

McMahon,  Mr.  P.  V.,  in  Discussion  on  Calculation  of  Distributing  Systems 

of  Electric  Traction      735 

Presentation  of  Institution  Premium  to n 

Mance,  Sir  H.,   CLE.,  in  Discussion  on  Applications  of  Electricity  in 

Medical  and  Surgical  Practice          37i 

in  Proposing  Vote  of  Thanks  to  Retiring  President 13 

Manchester  District  Local  Section,  Creation  of 34^ 

Marchant,  Mr.  E.  W.,  Presentation  of  Paris  Electrical  Exhibition  Premium  to  1 1 

Marconi,  Mr.  G.,  Presentation  of  Fahie  Premium  to u 

Mascart,  M.  E.,  elected  Vice-President 887 

Letter  concerning  Paris  International  Electrical  Congress  ...  798 

Letter  acknowledging  his  Election  as  Vice-President           ...  859 

Maschinenfabrik  Oerlikon,  Visit  to  Works  of     199 

Matthiessen's  Standard,  Report  of  Copper  Conductors  Committee  on  ...  16 
Mavor,  Mr.  H.  A.,  in  Discussion  (Glasgow)  on  Method  of  Charging  for 

Public  Electricity  Supply        689 

on    Some    Considerations    concerning     Electric    Driving 

(Glasgow)           889 

■  in  Reply  to  the  Discussion  on  his  Paper  (Glasgow) 898 


Measurements  of  Capacity,  Absolute  Values  of,  by  Mr.  J.  Elton  Young     ...    941 
Medical  and  Surgical  Practice,  Applications  of  Electricity  in.    {See  Appli- 
cations)     34^ 

Meeting,  Joint,  with  American  Institute  of  Electrical  Engineers  in  Paris  ...      38 

Member,  Honorary,  Election  of  Mr.  J.  W.  Swan,  F.R.S.,  as 692 

Membership,  Growth  of      33,  34 

Meter,  Motor-,  A  Frictionless,  by  Mr.  S.  Evershed.    {See  Frictionless)        ...     743 
Method  of  Gharging  for  Public  Supply  of  Eleotriolty,  by  Mr.  W.  W. 

Laickie  {Glasgow  Local  Section)  678 

Discussion  :  Lackie,  Mr.  W.  W.  (in  reply),  689  ;  Mavor,  Mr.  H.  A., 
689  ;  Tidd,  Mr.  E.  G.,  689, 
Miller,  Mr.  H.  W.,  in  Discussion  on  Cost  of  Steam  Raising  and  of  Electrical 

Energy     82 

Mordey,  Mr.  W.  M.,  re-elected  Member  of  Council      887 

in  Discussion  on  Report  of  Swiss  Visit 255 

in  Discussion  on  Electrol5rtic  Centrifugal  Process  for  Produc- 
tion of  Copper  Tubes 280 

in  Discussion  on  Applications  of  Electricity  in  Medical  and 


Surgical  Practice  373 

in  Discussion  on  a  Frictionless  Motor  Meter 785 


Digitized  by  LjOOQ  IC 


INDEX.  969 

PAGE 

Mordey,  Mr.  W.  M.,  in  Seconding  Vote  of  Thanks  for  Presidential  Address  36 

in  Seconding  Vote  of  Thanks  to  Hon.  Solicitors        886 

Morshead,  Mr.  L.  R.,  Presentation  of  Students'  Premiums  to n 

Motors,  Induction-,  Alternating  Current,  by  Mr.  A.  C.  Eborall.    {See  Alter- 
nating)        799 

Mudford,  Mr.  F.  J.,  in  Discussion  on  Applications  of  Electricity  in  Medical 

and  Surgical  Practice 37^ 

Museum,  Electrical 858 

Navy,  Electrical  Equipment  of  Ships  of.    (Sc^  Electrical)      53® 

Newcastle  Local  Section,  Officers  and  Committee  of 290 

Report  of  Meeting 900 

Newcastle-on-Tyne,  Creation  of  Local  Section  in         118 

Nixon,  Mr.  C.  B.,  Award  of  Students'  Premium  to        863 

Noakes,  Mr.  L.  F.,  in  Discussion  on  Electrical  Equipment  of  Ships  of  War  615 

Nominations  for  New  Council       628 

Northern  Society  of  Electrical  Engineers,  Incorporation  in  Institution      345,  796 
Transfer  of  Members  to  Institution        797 

Obituary  Notices  of— 

Bevan,  Mr.  Mark           948 

Buckney,  Mr.  T.            948 

Cooper,  Mr.  M 948 

Dent,  Mr.  M.  C 949 

Doyle,  Mr.  J.  D 949 

Epstein,  Mr.  L 950 

Hughes,  Professor  D.  E.,  F.R.S 95^ 

King,  Mr.  Frank 955 

Smith,  Mr.  B 956 

Wyles,  Mr.  F 957 

Oerlikon,  Maschinenfabrik,  Visit  to  Works  of 199 

Paris  International  Electrical  Congress,  Letter  from  M.  Mascart  concerning  798 

Paris,  Meeting  in,  Announcement  of         37 

Pasquier,  Mr.  A.  E.  du,  in  Discussion  on  Storage  Battery  Problems 514 

Periodicity  in  British  Central  Stitions      300»  328 

Perry,  Professor  J.,  D.Sc,  F.R.S.,  elected  President      887 

in  Discussion  on  Cost  of  Steam  Raising  and  of  Electrical 

Energy     90 

in  Discussion  on  Utilisation  of  Schaffhausen  Water-Power  ...  184 

in  Discussion  on  Report  of  Swiss  Visit 257 


—  in  Discussion  on  Applications  of  Electricity  in  Medical  and 


Surgical  Practice  37i 

in  Discussion  on  Distant  Electric  Power  Transmission        ...    658 

in  Proposing  Vote  of  Thanks  to  Institution  of  Civil  Engineers    884 


Phillips,  Mr.  H.  Fentum,  in  Discussion  on  the  Annual  Report           882 

Photographs  (Swiss  Visit),  Exhibition  of 37 

Plant,  Electrical  Engineering,  Standarisation  of.    (S(?tf  Standardisation)      ...  291 

Power  and  Lighting-Stations,  Swiss,  Visits  to 197 

PraSil,  Professor  F.,  in  Discussion  on  Utilisation  of  Schaffhausen  Water- Power  185 

Premiums,  Award  of          863 


Digitized  by  LjOOQ  IC 


970  INDEX. 


Premiums,  Presentation  of,  for  Session  1 898-1 899        ...      11 

President  (Professor    Silvanus  P.  Thompson,    D.Sc,    F.R.S.),    Inaugural 

Address  of         — .      14 

in  acknowledging  Vote  of  Thanks  for  Address ...      ^ 

The,  in  Announcing  Foundation  of  David  Hughes  Scholarship        ...       29 

in  Discussion  on  Electrical  Time-Service         146,  153 

in  Discussion  on  Utilisation  of  Schaffhausen  Water-Power  —     roi 

in  Discussion  on  Electrolytic  Centrifugal  Process  for  Produc- 
tion of  Copper  Tubes 281,  25*4 

-  in  Discussion  on  Applications  of  Electricity  in  Medical  and 


Surgical  Practice  366 

in  Discussion  on  Distant  Electric  Power  Transmission  .—  676 

in  Discussion  on  a  Frictionless  Motor  Meter    ...  790 

in  Moving  the  Adoption  of  the  Annual  Report ...  3Wo 

in  Moving  the  Adoption  of  the  Annual  Statement  of  Accounts  883 

in  Proposing  Vote  of  Condolence  with  Mrs.  D.  E.  Hughes   ...  240 

with  reference  to  Vote  of  Thanks  to  Local  Hon.  Secretaries...  885 

•  with  reference  to  Vote  of  Thanks  to  Society  of  Arts 


Nomination  of  Professor  J.  Perry,  F.R.S.,  as     ...  62S 

Pressure,  Generating  and  Distributing  in  British  Central  Stations 300 

Problem  of  Aro-Ligliting  j&rom  260-Volt  Supply,  by  Mr.  \V.  B. 

Sayers  (Glasgow  Local  Section)        582 

Puttkammer,  Mr.  C,  in  Discussion  on  Electrical  Time-Service         286 

Queen,  Address  to,  Home  Secretary's  Acknowledgment  of 2 

Quin,  Mr.  R.  C,  in  Discussion  on  Calculation  of  Distributing  Systems  of 

Electric  Traction  735 

Railways,  Electric,  Swiss,  Visits  to  197 

Rangefinders  for  Use  in  Ships  of  War     ^ 

Rathausen  Central  Station,  Visit  to  210 

Raworth,  Mr.  J.  S.,  in  Discussion  on  Electrical  Time-Service 144 

in  Discussion  on  Report  of  Swiss  Visit ...     234 

in  Discussion  on  Standardisation  of  Electrical  Engineering 

Plant      307 

in  Discussion  on  the  Annual  Statement  of  Accounts H85 

in  Proposing  Vote  of  Thanks  to  Hon.  Treasurer        885 

Regulation  of  Rotary  Converters,  by  Professor  E.  Wilson      430 

Reluotanoe  of  the  Teeth  in  a  Slotted  Armature,  by  Mr.  W.  B. 

Hird,  B.A 033 

Report  of  Council,  Annual 85Q 

Report  of  Council,  Annual,  Remarks  in  Reference  to 882 

Report  of  Swiss  Visit  Committee  on  Visit  of  Institution   to 

Switzerland 195 

Factories  Visited : — 

Alioth  Electricity  Company,  198  ;  Brown,  Boveri  &  Co.,  iq8  ; 

Maschinenfabrik  Oerlikon,  199 ;   Escher  Wyss  &  Co,.  200  ; 

Sulzer  Bros.,   200  ;   Swiss  Locomotive  Works,  201  ;   Georg 

Fischer's  Steel  Works,  201 ;  Riiti  Silk- Weaving  Facton',  202  ; 

Schaffhausen  Worsted  Mills,  203. 


Digitized  by  LjOOQ  IC 


INDEX.  971 


Report  of  Swiss  Visit  Committee  {continued) — 
Power  and  Lighting  Stations  Visited : — 

Rheinfelden  Powcr-Hoiise,  203  ;  Ziirich  Central  Station,  205  ; 
Schaffhausen  Power-House,  207 ;  Rathausen  Central  Station, 
210  ;  Kander  Power-House  (Spiez),  212. 
Electric  Tramways  attd  Railways  Visited : — 

Zurich  City  Tramways,  215 ;  Ziirich-Oerlikon-Seebach  Electric 
Tramway,  217  ;  Ziirich  Industrie  Quartier  Electric  Tramway, 
219 ;  Luzern  Electric  Tramways,  219  ;  Stansstad  Engelberg 
Electric  Railways,  221 ;  Jungfrau  Electric  Railway,  222 ; 
Burgdorf-Thun  Electric  Railway,  224. 
Discussion  on  Report : — 

Addenbrooke,  Mr.  G.  L.,  253  ;  Birks,  Mr.  L.,  233  ;  Cams- 
Wilson,  Professor  C.  A.,  231  ;  Crompton,  Mr.  R.  E.,  225 ; 
Ferranti,  Mr.  S.  Z.  de,  243  ;  Field,  Mr.  M.  B.,  246 ;  Gaster, 
Mr.  L.,  255  ;  Hammond^  Mr.  R.,  229  ;  Levin,  Mr.  A.  E.,  251  ; 
Mordey,  Mr.  W.  M.,  255  ;  Perry,  Professor  J.,  257  ;  Ra worth, 
Mr.  J.  S.,  234 ;  Robinson,  Mr.  Mark,  234 ;  Scott,  Mr.  E.  K., 
244 ;  Swallow,  Mr.  M.  G.  S.,  231  ;  Swinburne,  Mr.  J.,  235 ; 
Trotter,  Mr.  A.  P.,  253. 

Rheinfelden  Power-House,  Visit  to  203 

Rhodes,  Mr.  W.  G.,  in  Discussion  on  an  Alternating-Current  Induction  Motor    840 
Richards,  Mr.  A.  E.,  in  Discussion  on  Electrical  Equipment  of  Ships  of  War    608 

Robertson,  Mr.  G.  H.,  in  Discussion  on  Storage  Battery  Problems 518 

Robinson,  Mr.  Mark,  in  Discussion  on  Report  of  Swiss  Visit 234 

in  Discussion  on  Standardisation  of  Electrical  Engineering  Plant  309 

Rotary  Converter,  A  Two- Phase,  by  Professor  E.  Wilson      409 

Regulation  of,  by  Professor  E.  Wilson 430 

Royal-Dawson,  Mr.  W.  G.,  Presentation  of  Students'  Premium  to 11 

Riiti  Silk- Weaving  Factory,  Visit  to         202 

Rules  for  Local  Sections      944,946 

Russell,  Mr.  A.,  How  Condenser  and  Choking  Coil  Currents  Vary  with  the 

Shape  of  the  Wave  of  the  Applied  E.M.F 154 

Award  of  Premium  to       863 


Mr.S.  A.,  in  Discussion  on  Standardisation  of  Electrical  Engineenng 


Plant        325 

Salomons  Scholarship,  Award  of,  to  Mr.  R.  P.  Howgrave-Graham 863 

Presentation  of,  to  Mr.  H.  J.  Thomson 11 

Sayers,  Mr.  H.  M.,  Calculation  of  Distributing  Systems  of  Electric  Traction 

under  British  Conditions        692 

in  Reply  to  the  Discussion  on  his  Paper          739 

Award  of  Premium  to       863 

in  Seconding  Vote  of  Thanks  to  Hon.  Treasurer       886 

Mr.  W.  B.,  on  the  Problem  of  Arc  Lighting  from  250-Volt  Supply...  382 

Schaffhausen  Power-House,  Visit  to        207 

Water-Power,  Utilisation  of,  by  Dr.  A.  Amsler.    {Sec  Utilisation)   ...  175 

Worsted  Mills,  Visit  to        202 

Schattner,  Mr.  E.  B.,  in  Discussion  on  a  Frictionless  Motor  Meter 786 

Scholarship,  David  Hughes.    Announcement  of  Foundation 290 


Digitized  by  LjOOQ  IC 


972  INDEX. 


Scholarship,  Salomonb,  Award  of,  to  Mr.  R.  P.  Howgrave-Graham 

Presentation  of,  to  Mr.  H.  J.  Thomson 

Scott,  Mr.  E.  K.,  in  Discussion  on  Utilisation  of  Schaffhausen  Watcr-Powcr 

in  Discussion  on  Report  of  Swiss  Visit 

in  Discussion  on  Calculation   of    Distributing    Systems  oi 

Electric  Traction  T^ 

Searchlights  for  Use  in  Ships  of  War      5? 

Secondary  {sec  Storage)  Battery  Problems         p 

Secretaries,  Local  Hon.,  Vote  of  Thanks  to        

Sections,  Local,  Rules  for i^U 

Sellon,  Mr.  R.  P.,  re-elected  Member  of  Council  *; 

on  Standardisation  of  Electrical  Engineering  Plant ?;i 

in  Reply  to  the  Discussion  on  his  Paper  M- 

Mr.  S.,  in  Discussion  on  Standardisation  of  Electrical  Engineering 

Plant        jLv 

Ships  of  War,  Electrical  Equipment  of,  by  Mr.  C.  E.  Grove.    {Sec  Electrical)  5:* 
Shoolbred,  Mr.  J.  N.,  in  Discussion  on  Cost  of  Steam  Raising  and  of  Elec- 
trical Energy      f 

Siemens,  Mr.  A.,  in  Seconding  Vote  of  Thanks  to  Retiring  President        .-    i: 

Silk-weaving  Factory,  Riiti,  Visit  to         ^• 

Slotted  Armature,  Reluctance  of  the  Teeth  in,  by  Mr.  W.  B.  Hird,  B.A.     ...  «33 

Smith  Mr.  B.,  Obituary  Notice  of ^* 

Professor  R.  H.,  in  Discussion  on  Cost  of  Steam  Raising  and  of  Elec- 
trical Energy      ^^. 

Snell,  Mr.  J.  F.  C,  elected  Hon.  Secretary  of  Newcastle  Local  Section      ...  ^ 

in  Discussion  on  Standardisation  of  Electrical  Engineering 

Plant        j3*  I 

Society  of  Arts,  Vote  of  Thanks  to  ^4 

Society  (Northern)  of  Electrical  Engineers,  Incorporation  in  Institution    ...   yiS 

Solicitors,  Hon.,  Vote  of  Thanks  to  ^ 

Some  Considerations  Gonoerning  Eleotrio  Driving,  by  Mr.  H.  A. 

Mavor  (Glasgow  Local  Section)        ^ 

Discussion  :  Chamen,  Mr.  W.  A.,  898  ;  Coates,  Mr.,  898  ;  Gray, 
Professor  A.,  898  ;  Mavor,  Mr.  H.  A.  (in  reply),  898  ;  Stewart, 

Mr.  A.,  898  ;  Watkinson,  Professor  W.  H.,  898 

Sparks,  Mr.  C.  P.,  elected  Member  of  Council ...  ^^T 

Spiez,  Visit  to  Kander  Power- House  at -'* 

Standardisation  of  Eleotrioal  Engineering  Plant,  by  Mr.  R.  Percy 

Sellon       -^^ 

Discussion  : — Addenbrooke,  Mr.  G.  L.,  330  ;  Andrews,  Mr.  L.,  324 ; 
Ayrton,  Prof.  W.  E.,  333  ;  Bathurst,  Mr.  F.,  339  ;  Birks,  Mr. 
L.,  327  ;  Blackburn,  Mr.  A.  B.,  305 ;  Bright,  Mr.  C,  337 ; 
Crompton,  Mr.  R.  E.,  304  ;  Esson,  Mr.  W.  B.,  319,  334 : 
Evershed,  Mr.  S.,  322  ;  Ferranti,  Mr.  S.  Z.  de,  312  :  GcipeJ, 
Mr.  W.,  340 ;  Grove,  Mr.  C.  E.,  331  ,  Hammond,  Mr.  R.,  311 ; 
Johnson,  Mr.  E.  H.,  307  ;  Kingsbury,  Mr.  J.  E.,  336 ;  Levin, 
Mr.  A.  E.,  329  ;  Lewis,  Mr.  J.  Slater,  306  ;  Ra worth,  Mr.  J.S., 
307  ;  Robinson,  Mr.  Mark,  309  ;  Russell,  Mr.  S.  A.,  325 ; 
Sellon,  Mr.  R.  P.  (in  reply),  341  ;  Sellon,  Mr.  S.,  334 ;  Snell, 
Mr.  J.  F.  C,  337  ;  Webber,  Major-General  C.  E.,  313,  315. 


Digitized  by  LjOOQ  IC 


INDEX.  978 

PAGE 

Stansstad-Engelberg  Electric  Railway,  Visit  to            221 

Steam  Raising/.The  Cost  of.     (S<jc  Cost) 38 

Steel  Works,  Georg  Fischer's,  Visit  to 201 

Steering  Engines,  Electrical         5^3 

Stewart,  Mr.  A.,  in  Discussion  on  Electric  Driving  (Glasgow)         898 

Stockall,  Mr.  W.  H.,  in  Discussion  on  Electrical  Time-Service       145 

Storage  Battery  Problems,  by  Mr.  E.  J.  Wade     460 

Discussion  :— Addenbrooke,  Mr.  G.  L.,  507  ;  AUingham,  Mr.  G.  C, 
507  ;  Armstrong,  Dr.  H.  E.,  495  ;  Ayrton,  Prof.  W.  E.,  497  ; 
Boyd,  Mr.  W.,  521 ;  Cooper,  Mr.  W.  R.,  509 ;  Du  Pasquier, 
Mr.  A.  E.,  514 ;  FitzGerald,  Mr.  D.,  512  ;  Hibbert,  Mr.  W., 
503  ;  Robertson,  Mr.  G.  H.,  518  ;  Swinburne,  Mr.  J.,  510 ; 
Wade,  Mr.  E.  J.  (in  reply),  524  ;  Walker,  Mr.  S.  F.,  520. 
Stromeyer,  Mr.  C.  E.,  in  Discussion  on   Cost  of  Steam  Raising  and  of 

Electrical  Energy         78 

Sulzer  Bros.,  Visit  to  Works  of      200 

Supply,  Electricity  (Public),  Method  of  Charging  for.     [See  Method)        ...  678 
Surgical  and  Medical  Practice,  Applications  of  Electricity  in.    (Sec  Appli- 
cations)      346 

Swallow,  Mr.  M.  G.  S.,  in  Discussion  on  Report  of  Swiss  Visit        231 

Swan,  Mr.  J.  W.,  F.R.S.  (Retiring  President)  Vote  of  Thanks  to      12 

in  Acknowledging  Vote  of  Thanks        13 

Elected  Honorary  Member          692 

in  Discussion  on  the  Annual  Report     882 

in  Proposing  Vote  of  Thanks  to  Local  Hon.  Secretaries      ...  885 

Swinburne,  Mr.  J.,  re-elected  Vice-President     v-  ^7 

in  Discussion  on  Report  of  Swiss  Visit 235 

in  Discussion  on  Storage  Battery  Problems     510 

in  Discussion  on  Distant  Electric  Power  Transmission      ...  666 

is  Discussion  on  Calculation  of    Distributing    Systems  of 

Electric  Traction          734 

Swinton,  Mr.  A.  A.  C,  elected  Member  of  Council      

in  Discussion  on  Electrical  Equipment  of  Ships  of  War      ...  611 

in  Proposing  Vote  of  Thanks  to  Hon.  Solicitors        886 

Swiss  Locomotive  Works,  Visit  to 201 

Visit,  Exhibition  of  Photographs 37 

Switchboards  for  Use  in  Ships  of  War 535 

Switzerland,  Visit  to,  Report  of  Committee  on 195 

-^ Visit  to,  Report  of  Meeting  in  Zurich 17^) 

Taylor,  Mr.  A.  M.,  in  Discussion  on  Calculation  of  Distributing  Systems  of 

Electric  Traction           729 

Teeth,  Reluctance  of,  in  a  Slotted  Armature,  by  Mr.  W.  B.  Hird,  B.A.       ...  933 

Telephones  for  Use  on  Ships         557 

Thomas,  Mr.  E.,  in  Discussion  on  Calculation  of  Distributing  Systems  of 

Electric  Traction          731 

in  Discussion  on  an  Alternating-Current  Induction  Motor...  848 

Thompson,  Professor  Silvanus  P.,  D.Sc,  F.R.S.    {See  President.) 

Induction  into  Presidential  Chair         11 

Inaugural  Address 14 


Digitized  by  LjOOQ  IC 


974  .INDEX. 


Thomson,  Mr.  H.  J.,  Presentation  of  Salomons  Scholarship  to         ...  .-     - 

Threlfall,  Professor  R.,  in  Moving  Vote  of  Thanks  to  Staff  of  Polytcchia- 

kum  in  Ztirich —    *» 

Thun-Burgdorf  Electric  Railway,  Visit  to  — 

Tidd,  Mr.  E.  G.,  in  Discussion  (Glasgow)  on  Method  of  Charging  for  Pabbc 

Electricity  Supply         —         —    * 

Time-Service,  Electrical.    (So;  Electrical)         ...         ii^^* 

Torpedo-firing  Circuits        5^ 

Traction,  Electric,  Calculation  of  Distributing  Systems  of,  by  Mr.  H.  M. 

Sayers,    (See  Calculation)       «g 

Traill,  Dr.  A.,  in  Seconding  Vote  of  Thanks  for  Chairman's  Address  to 

Dublin  Local  Section    ...        ^ ^ 

Transfers  ...  i,  37,  88,  118,  192,  242,  289,  315,  345.  459»  523,  627,  691,  74^,  7^  ^^ 

Transfers,  Members  of  Northern  Society  to  Institution .^7^ 

Treasurer,  Vote  of  Thanks  to        —    5^: 

Tramways,  Electric,  Swiss,  Visits  to        ...    ic 

Tramways,  Electrical.    (Sec  Calculation  of  Distributing  Sy!»*-ms) 6g: 

Trotter,  Mr.  A.  P.,  elected  Member  of  Council .-    NT 

in  Discussion  on  Applications  of  Electricity  in  Medical  and 

Surgical  Practice  ...    ; 

in  Discussion  on  Calculation  of  Distributing  Systems  of 


Electric  Traction 

in  Discussion  on  Report  of  Swiss  Visit. 


Tubes,  Copper,  An  Electrolytic  Centrifugal  Process  for  the  Production  of. 

(S«rc  Electrolytic)  2^ 

Two-phase  Rotary  Ck>nverter  and  a  Note  on  the  Regulation  of 

Rotary  Converters,  by  Professor  Ernest  Wilson        4a  ^ 

Uehlinger,  Mr.  A.,  in  Discussion   on  Utilisation  of  Schaffhausen  Water- 

Power      iSg 

Utilisation  of  the  Sohedrhansen  Water-Power,   by   Mr.   Alfred 

Amsler,  Ph.D 175 

Discussion  :  Addenbrooke,  Mr.  G.  L.,  191  ;  Kapp,  Mr.  G.,  184  ; 
Perry,  Prof.  J.,  184  ;  Pralil,  Prof.  F.,  185  ;  Scott,  Mr.  E.  K., 
184  ;  Thompson,  Prof.  S.  P.  (President),  191  ;  Uehlinger,  Mr. 
A.,  189. 

Volunteers,  Electrical  Engineer,  Accepted   for  Active   Service  in   South 
Africa       ig} 

Wade,  Mr.  E.  J.,  on  Storage  Battery  Problems 460 

in  Reply  to  the  Discussion  on  his  Paper  524 

Walker,  Mr.  S.  F.,  in  Discussion  on  Applications  of  Electricity  in  Medical 

and  Surgical  Practice 374 

in  Discussion  on  Electrical  Equipment  of  Ships  of  War     ...  616 

in  Discussion  on  Storage  Battery  Problems    520 

Wallace,  Mr.  R.,  Q.C.,  re-elected  Associate  Member  of  Council        887 

War,  Ships  of.  Electrical  Equipment  of.    (S^rc  Electrical)      530 

Water-Power,  Schaffhausen,  Utilisation  of         175 


Digitized  by  LjOOQ  IC 


INDEX.  975 

PAGE 

Watkinson,  Professor  W.  H.,  elected  Hon.  Secretary  of  Glasgow  Local 

Section 243 

in  Discussion  on  Electric  Driving  (Glasgow) 898 

Wave  of  the  Applied  E.M.F.,  Shape  of ;  Variation  of  Choking  Coil  and 

Condenser  Currents  with        154 

Webber,  Major-General,  C.E.,  C.B,,  in  Seconding  Vote  of  Condolence  with 

Mrs.  D.  E.  Hughes       241 

in  Discussion  on  Application  of  Electricity  in  Medical  and 

Surgical  Practice  368 

■  in   Discussion  on   Calculation  of  Distributing  Systems  of 


Electric  Traction  736 

-  in  Discussion  on  Standardisation  of  Electrical  Engineering 


Plant        313.315 

Wightman,   Mr.   R.,  on  The  Air-Gap   Induction  in    Continuous-Current 

Dynamos 436 

Award  of  Premium  to       863 

Wilde,  Mr.  Henry  ?r.R.S.,  Letter  to  the  Council  from 3 

in  Discussion  on  Electrolytic  Centrifugal  Process  for  Produc- 
tion of  Copffcf  Tubes   279 

■  in  Discussion  on  Electrical  Equipment  of  Ships  of  War      ...  614 


Wilde  Benevolent  Fund,  Declaration  of  Trust 865 

Offer  of  Endowment         3,10 

Williams,  Mr.  A.,  in  Discussion  on  Electrolytic  Centrifugal  Process  for  Pro- 
duction of  Copper  Tubes        282 

Wilson,  Professor  Ernest,  on  A  Two-Phase  Rotary  Converter  and  on  the 

Regulation  of  Rotary  Converters      409 

in  Discussion  on  Distant  Electric  Power  Transmission        ...  668 

in  Discussion  on  an  Alternating-Current  Induction  Motor   ...  842 

Wilson,  Mr.  L.,  Presentation  of  Students'  Premium  to 11 

Bristows  &  Carpmael,  Messrs.,  re-elected  Hon.  Solicitors     887 

Wimshurst,  Mr.  J.,  F.R.S.,  in  Discussion  on  Applications  of  Electricity  in 

Medical  and  Surgical  Practice          367 

Wires,  Solid,  Report  of  Committee  on  Copper  Conductors  upon      171 

Wood,  Mr.  R.,   in   Discussion  on  Calculation  of  Distributing  Systems  of 

Electric  Traction           737 

in  Discussion  on  a  Frictionless  Motor  Meter 784 

Worsted  Mills,  Schaffhausen,  Visit  to      203 

Worthington,  Mr,  E.,  in  Discussion  on  Electrical  Time-Service       146 

Wyles,  Mr.  F.,  Obituary  Notice  of           957 

Young,  Mr.  J.  Elton,  Presentation  of  Extra  Premium  to         11 

on  The  Absolute  Values  of  Capacity  Measurements 941 

Zurich  Central  Station,  Visit  to      ►..        ...  205 

Ziirich  City  and  District  Tramways,  Visit  to      215,  217, 219 

Ziirich,  Report  of  Meeting  in         175 


VOL.  XXIX,  66 


Digitized  by  LjOOQ  IC 


Digitized  by  LjOOQ  IC 


UNWIN  BROTHERS, 
WOKING  AND  LONDON. 


Digitized  by  LjOOQ  IC 


Digitized  by  LjOOQ  IC 


No.  IW.  ISSUED  JULY,  1900.  Vol.  XXIX. 

AUG  1&  |9Qu'"  - 

JOURNAL 

OF  THE 

INSTITUTION  OF 

ELECTRICAL    ENGINEERS, 

LATE 


NOTICES. 

This  part  (No.  146)  is  the  last  number  of  Vol.  XXIX.,  and,  as 
usual,  there  will  be  no  further  issue  of  the  Journal  until  the  end 
of  the  year. 

The  Index  to  Vol.  XXIX.  is  issued  herewith. 

Attention  is  specially  directed  to  the  letter^  placed  within  the  cover  of 
this  number  of  the  Journal  relating  to  PREMIUMS  AND  SUBJECTS 
OF  PAPERS. 

Institution  of  Electrical  Engineers, 
July,  1900. 


Xoni>on : 
E.  AND  F.  N.  SPON,  Limited,  125,  STRAND,  W.C. 

I^ew  Votfi: 
SPON  AND  CHAMBERLAIN,  12,  CORTLANDT  STREET. 


PRICE  FIVE  SHILLINQS.  o,,,edbyGoOgle 


THE  BRITISH  INSULATED  WIRE  CO., 


Makers 


Contractors  for  all  Work 
outside  the 
LIGHTING  STATION  OR  POWER  HOUSE, 

PRE5C0T,  LANCS.,  ENGLAND. 


IHTORKlklANSIIIP 

AHfiy    FINISH. 

RELIABLE    WORKING. 


Wriio  for  Prloos 

anil  Pariloularsm 


fiENERAL  ELECTRIC  Co.,  Ltd., 

69,  71,  8S,  A  92,  Queen  Viotoria  Street,  LONDON. 

BRANCMmm : 
^  Manoh««t«r,   QIascow,  Birmingham,  Nawoastla- 


on-Tyna,  Dublin. 

WORKB: 

Manohaatar,  Birmingham,  Hanvntarantith, 

Southwarfc,  Ciaricanwail. 


r%EG*TRA9eiMRX 


Digitized  by  VjOOQ IC 


Founded  1871.    Incorporated  1883. 

COUNCIL.— 1900-1 901. 

President. 

Professor  JOHN  PERRY,  D.Sc,  F.R.S. 

Past-Presidents. 

Lord  KELVIN,  G.C.V.O.,  D.C.L.,  LL.D..  F.R.S.,  F.R.S.E.— 1874  and  1889. 

Sir  FREDERICK  ABEL,  Bart.,  K.C.B.,  D.C.L.,  F.R.S.— 1877. 

Sir  WILLIAM  H.  PREECE,  K.C.B.,  F.R.S.,  Pres.  Inst.  C.E.— 1880  and  1893. 

Professor  G.  C.  FOSTER,  F.R.S.— 1881. 

Major-General  C.  E.  WEBBER,  C.B.,  (Ret.)  R.E.,  M.  Inst.  C.E.— 1882. 

Professor  W.  GRYLLS  ADAMS,  F.R.S.— 1884. 

C.  E.  SPAGNOLETTI,  M.  Inst.  C.E.— 1885. 

Sir  WILLIAM  CROOKES,  F.R.S.— 1891. 

Professor  W.  E.  AYRTON,  F.R.S.~i892. 

ALEXANDER  SIEMENS,  M.  Inst.  C.E.~i894. 

R.  E.  CROMPTON,  M.  Inst.  C.E.--1895. 

Sir  henry  MANGE,  C.I.E.,  M.  Inst.  C.E.— 1897. 

J.  WILSON  SWAN,  F.R.S.— 1898-99. 

Professor  SILVANUS  P.  THOMPSON,  D.Sc,  F.R.S.— 1899-1900. 

Vice-Presidents. 
W.  E.  LANGDON.  |  R.  K.   GRAY. 

JAMES  SWINBURNE  |  E.  MASCART. 

Members. 

Major  P.  Cardew,  R.E.    '      Robert  Hammond.  i  W.  M.  Mordey. 

H.H.Cunynghame,C.B.         Hugo  Hirst.  '  R.  P.  Sellon. 

H.  Edmunds.  J.  E.  Kingsbury.  i  C.  P.  Sparks. 

S.  Z.  De  Ferranti.  a.  J.  Lawson.  A.A.CampbellSwinton. 

John  Gavey.  P.  V.  Luke,  CLE.  I  A.  P.  Trotter. 

Associate  Members  of  Council. 
W.  B.  Cooper,  M.A.,  B.Sc.      |     S.  Evershed.      |       R.  W.  Wallace,  Q.C. 

Chairmen  of  Local  Sections. 

J.  Denham  {Cape  Town  Section).       E.  Hopkinson,  D,Sc,  {Manchester 


Section), 
Lord  Kelvin,  G.C.V.O.,  F.R.S. 

{Glasgow  Section). 


Professor    G.    F.    Fitzgerald, 

F.R.S.  {Dublin  Section). 
A.    W.     Heaviside    {Newcastle 
Section). 

OFFICERS. 

Hon.  Auditors. — Frederick  C.  Danvers  and  E.  Garcke. 

Hon.  Treasurer.— Professor  W.  E.  Ayrton,  F.R.S.,  Past- President. 

Hon.  Solicitors. 

Messrs.  Wilson,  Bristows,  &  Carpmael,  i,  Copthall  Buildings,  E.G. 

Trustees. 
Sir  Frederick  A.  Abel,  Bart.,  K.C.B.,  D.C.L.,  F.R.S. 

Professor  G.  Carey  Foster,  F.R.S, 
Sir  Wm.  H.  Preece,  K.C.B.,  F.R.S.,  Pres.  Inst.  C.E. 

Bankers. 

Messrs.  Cocks,  Biddulph,  &  Co.,  43,  Charing  Cross,  S.W. 

Accountants. 

Messrs.  Allen,  Biggs,  &  Co.  (Chartered  Accountants). 

38,  Parliament  Street,  Westminster. 

Secretary  and  Editor  of  the  Journal.— W.  G.  McMillan. 

Library  and  Offices  of  the  Institution. 

28,     Victoria    Street,     Westminster,    S.W. 


Digitized  by  LjOOQ  IC 


LOCAL  HONORARY  SECRETARIES  AND  TREASURERS. 


Arthur  J.  Arnot, 

Town  Hall,  Melbourne 
J.  Bbrman, 

Inspector,     Java     Government     Telegraphs, 
Batavia 
R.  O.  Bourne, 

Chief    Manager    and    Inspector,    Post    and 
Telegraph  Department,  Brisbane 
A.  E.  R.  COLLETTE, 

Heemskerckstraat,  30,  The  Hague 
J.  Hubert  Davies, 

P.O.  Box  3,  East  London,  Cape  Colony 
Frederic  Delarge, 

Director-General  of  the  Belgian  Telegraphs, 
Brussels 
John  Denham, 

Electrician's  Office,  Cape  Government  Rail- 
ways, Cape  Town 
Fujioka,  Ichisuke,  M.E.,  Dr.  E., 

56,  Zaimokucho,  Azabu,  Tokyo 
Hartley  Gisborne,  M.  Can.  Soc.  C.E., 

P.O.  Box,  212,  Fernie,  British  Columbia. 
Xavier  Gosselin, 

12,  Rue  de  St.  Quentin,  Paris 
J.  H.  Hammar, 

Managing  Director  of  the  De  Laval  Electric 
Co.,  Stockholm 
W.  J.  Hancock, 

Government  Electrician  and    Electrical  En- 
gineer, Perth,  Western  Australia 
Arthur  Jackson, 

British  Vice-Consulate,  San  Agustin,  3  Dup°, 
Madrid 
J.  L.  W.  V.  Jensen,  P.M.S., 

Enginecr-in-Chief,  Copenhagen  Telephone 
Co.,  Colbjornsensgadc,  15,  Copenhagen 

H.  KiNGSFORD, 

Engineer  to  the  Mexican  and    Central  and 
South  American  Telegraphs,  Lima,  Peru 
R.  Howard  Krause, 

I,  Ebendorferstrasse,  No.  10,  Vienna 
Charles  Lemon,  Ph.D., 

Warenga  Road,  Otaki,  Manawatu,  New  Zealand 
John  Oldham, 

Manager,  River  Plate  Telegraph    Company, 
Monte  Video 
Colonel  F.  Pescetto, 

Direttore  dello  Stabilimento  Elettrotecnico  Gio 
Ansaldo,  Genova,  per  Comigliano  ligure 
J.  S.  Rasmussen, 

Director-General  of  Telegraphs,  Christiania 
Arnold  von  Siemens, 

94,  Markgrafen  Strasse,  Berlin 
M.  G.  Simpson, 

Indian  Government  Telegraphs,  Calcutta 
Sir  Charles  Todd,  K.C.M.G.,  F.R.S., 

Director-General,     South     Australian     Tele- 
graphs, Adelaide 
P.  B.  Walker,  C.E.,  M.  Inst.  C.E., 

Engincer-in-Chief  of  Telegraphs  and  Director 
of  Military  Telegraphs,  Sydney 
G.  G.  Ward, 

Vice-President  and  General  Manager,  Com- 
mercial Cable  Company,  Broadway,  New 
York 


VICTORIA. 

NETHERLANDS  INDIES 
(Dutch  East  Indies). 

QUEENSLAND. 

THE  NETHERLANDS. 
TRANSVAAL. 

BELGIUM. 

THE  CAPE.  NATAL,  AND 
RHODESIA. 

JAPAN. 

CANADA. 

FRANCE. 

SWEDEN. 

WESTERN  AUSTRALIA 

SPAIN. 

DENMARK. 

MEXICO  AND  PERU. 

AUSTRO-HUNGARY. 

NEW  ZEALAND. 

ARGENTINE  &  ORIEN- 
TAL DEL  URUGUAY 
REPUBLICS 

ITALY. 

NORWAY. 

GERMANY. 

INDIA. 

SOUTH  AUSTRALIA 
NEW  SOUTH  WALE^. 


THE    UNITED    STATES 
OF  AMERICA. 


Digitized  by  LjOOQ  IC 


The  Inatitution  is  not,  as  a  body,  responsible  for  the  opinions  exprtstad  by  indiwiduai 

*  speakers. 


TABLE  OF  CONTENTS— No.  146. 


PAGE 

Proceedings  of  the  Three  Hundred  and  Forty-Seventh  Ordinary  General 

Meeting,  held  May  3,  1900  : — 

Transfers       691 

Donations  to  Buildhig  Fund        691 

The  President  in  announcing  the  Election  of  Mr,  J.  W.  Swan,  F.R.S. 

as  an  Honorary  Member       691 

"  The  Calculation  of  Distributing  Systems  of  Elec- 
tric Traction  under  British  Conditions,"  by  h.  m. 

Sayers,  Member          692 

Discussion  on  the  above  Paper  : — 

Professor  A.  Jamieson      729 

Mr.  A.  M.  Taylor 729 

„    E.  Thomas     731 

„    Bernard  M.  Jenkin 733 

„    E.K.  Scott      733 

„    J.  Swinburne 734 

„    P.  V.  McMahon         735 

»    R.  C.  Quin       735 

General  C.  E.  Webber,  C.B.,  R.E 736 

Mr.  R.  Wood  [communicated) 737 

„    A,  F,  TroiiGr  {communicated)                   738 

„     H.  M.  Sayers  (in  reply)       739 

Election  of  New  Members           741 

Proceedings    of    the    Three    Hundred    and    Forty-Eighth  Ordinary 
General  Meeting,  held  May  10,  1900  : — 

Transfers       742 

Donations  to  Library,  and  Building  and  Benevolent  Funds 742 

"A  FrictionleSS  Motor-Meter,"  byS.  Evershed, Associate 

Member 743 

Discussion  on  the  above  Paper  : — 

The  President  (Professor  S.-P.  Thompson,  F.R.S.) 781 

Mr.  T.  D.  Lockwood        781,788 

„    S.  Z.  de  Ferranti       782 

„    R.  Wood         784 

„    W.  M.  Mordey           785 

„     H.  L.Boot      786 

„    E.  B.  Schattner         786 


Digitized  by  LjOOQ  IC 


iv  CONTENTS. 

PAGE 

Professor  W.  E.  Ayrton,  F.R.S 787 

Mr.  Aron     789 

Mr.  W.  H.  Everett  {coftiffiunicated)      789 

„    S.  Evershed  (in  reply) 790 

Election  of  New  Members 794 

Proceedings    of    the    Three     Hundred    and    Forty-Ninth    Ordinary 
General  Meeting,  held  May  17,  1900  :— 

Transfers       796 

The  President  in  announcing  the  Incorporation  of  the  Northern 

Society  of  Electrical  Engineers       796 

Transfer  of  Members  of  the  Northern  Society  of  Electrical  Engineers 

to  Membership  of  the  Institution     797 

Donations  to  the  Library  and  Building  Fund 798 

Letter  from  M.  Mascart  with  reference  to  the  International  Elec- 
trical Congress  in  Paris        798 

"Alternating-Current  Induction  Motors,"  by  a.  c. 

Eborall,  Associate       799 

.     Discussion  on  the  above  Paper  : — 

Mr.  M.  B.  Field 836 

„     Langdon-Davies        839 

„    W.G.Rhodes 840 

Professor  E.Wilson        .;.        S42 

„          C.  A.  Carus-Wilson 843 

Mr.  S.  Z.  de  Ferranti       844 

Mr.  W.  B.  Esson ,        ...      * 845 

„    G.  L.  Addenbrooke 847 

„    E.Thomas      848 

„    A.  C.  Eborall  (in  reply)        849 

Election  of  New  Members           856 


Proceedings  of  the  Twenty-Eighth  Annual  General  Meeting,  held  May 

24,  1900 : — 

Transfers SS7 

Donations  to  the  Library  and  Benevolent  Fund         857 

The   President  in  referring  to  the   Foundation  of  an   Electrical 

Museum  858 

Letter  from    M.  Mascart  acknowledging    his    election    as    Vice- 
President  859 

Annual  Report  of  the  Council 859 

Report  of  the  Secretary  as  to  the  Library         868 

Annual  Statement  of  Accounts  and  Balance  Sheet     872 

Remarks  by  the  President     ...        « , 880 

Discussion  on,  and  Adoption  of.  Report — 

Mr.  J.  E.  Kingsbury 88i 

„     H.  Fcntum  Phillips        882 

„     W.  McGregor      882 

„    J.  W.  Swan,  F.R.S 882 

Presentation  of  the  Statement  of  Accounts  and  Balance  Sheet  for  the 

year  1899  883 

Discussion  on,  and  Adoption  of,  the  Accounts  and  Balance  Sheet — 

Mr.  J.  S.  Raworth        883 


Digitized  by  LjOOQ  IC 


CONTENTS.  V 

PAGE 

Votes  of  Thanks  :— 

To  the  Institution  of  Civil  Engineers — 

Professor  J.  Perry,  F.R.S 884 

Mr.  W.  McGregor          884 

To  the  Institution  of  Mechanical  Engineers  and  Society  of  Arts — 

Mr.  J.  Gavey        884 

„     H.W.Wilkinson 885 

The  President      885 

To  the  Local  Honorary  Secretaries  and  Treasurers- 
Mr.  J.  W.  Swan,  F.R.S 885 

„    R.  S.  Erskine           885 

The  President       885 

To  the  Honorary  Treasurer — 

Mr.  J.  S.  Raworth           885 

„     H.  M.  Sayers           886 

To  the  Honorary  Auditors- 
Mr.  A.  J.  Lawson            886 

„    J,  Rennie       886 

To  the  Honorary  Solicitors — 

Mr.  A.  A.  C.  Swinton      886 

„    W.  M.  Mordey         886 

The  President      887 

Result  of  the  Election  of  Council  and  Officers  for  1900-1901           ...  887 

Announcement  of  Alteration  of  Library  Hours           887 

Election  of  New  Members 888 

Proceedings  of  the  Meeting  of  the  Glasgow  Local  Section,  April  27, 
1900  : — 

"Some  Considerations  Concerning  Electric  Driv- 
ing*" by  H.  A.  Mavor,  Member 889 

Discussion  on  the  above  Paper  : — 

Mr.  W.  B.  Hird 897 

„    W.  A.  Chamen         898 

Professor  A.  Gray,  F.R.S 898 

Mr.  Coates 898 

Professor  W.  H.  Watkinson     898 

Mr.  A.  Stewart 898 

„    H.  A.  Mavor  (in  reply)       898 

Proceedings  at  the  Meeting  of  the  Newcastle  Local  Section,  May  15, 
1900: — 

Inaugural   Address  of  the    Chairman,  Mr.  a.  w. 

Heaviside,  Member 900 

Original  Communications : — 

''  Note    on    Air-Gap   and    Interpolar    Induction/' 

by  F.  W.  Carter,  M.A.,  Associate 925 

"The    Reluctance   of    the   Teeth    in    a    Slotted 

Armature,"  by  W.  B.  Hird,  B.A.,  Member 933 

"On  the  Absolute  Values  of  Capacity  Measure- 
ments," by  j.  Elton  Young,  Member  941 


Digitized  by  LjOOQ  IC 


VI 


CONTEXTS. 


PAGE 


General    Rules    Relating   to  the    Constitution    and 
Management  of  Local  Sections  :— 

In  the  United  Kingdom         944 

Abroad ...     946 


Obituary  Notices  :— 

Mr.  Mark  Be  van 

„    T.  Buckney 

„     M.  Cooper 

„    M.  C.  Dent 

„    J.  D.  Doyle 

„    L.  Epstein 
Professor  D.  E.  Hughes 
Mr.  Frank  King 

„    B.  Smith 

„    F.  Wyles 


94« 

948 
^9 

950 
951 
955 

956 

95r 


Accessions  to  Library    ... 


At  Gsf 


Digitized  by  LjOOQ  IC 


THE    LIBRARY. 


ACCESSIONS  TO  THE  LIBRARY  FROM  JANUARY  1  TO 
JUNE  80,  1900. 


(  Works  marTced  thus  (•)  Jiave  been  purchased.  Of  those  not  purcJiased  or  received 
in  exchange,  where  tJie  donors*  names  are  not  given^  the  works  have  been 
presented  by  the  authors.) 

rr  18  PABTICULABLY  DESIRABLE  THAT  MEMBERS  BHOUU)  KINDLY  PRESENT  COPIES 
OF  THEIR  WORKS  TO  THE  LIBRARY  AS  SOON   AS  POSSIBLE  AFTER  PUBLICATION. 
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TRAFFORD  PARK,  MANCHESTER."} 

UNWIN  BROTHERS,  THE  GRESHAU  PRESS,  WOKING  AND  LONDON. 
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Instxttttbn  d  €ltdxml  €nQmm. 


28,  Victoria  Street,  S.W» 

yw/y,  1900. 
Dear  Sir^ 

In  accordance  with  the  Standing  Orders  of  the  Councili 

papers  o£Fered  to  the  Institution  are,  on  receipt,  submitted  to 

Council   Referees  for  report.     If  subsequently  accepted  by  the 

Council,  they  are   either   read    and    discussed  at   an  Ordinary 

General  Meeting,  or  are  published  as  Original  Communications 

in  the  journal. 

The  Council,  subject  to  the  usual  conditions,  offer  the  following 

Premiums  for  the  Session  1900-1. 

For  papers  read  before  the  Institution— 

The  Institution  Premium  value  ^25 

The  Paris  Electrical  Exhibition  Premium       „      ;f  10 
The  Fahie  Premium       ...        „      ;^io 

For  Original  Communications,  not  read  at  a  meeting,  but 
published  in  the  journal  of  the  Institution — 

One  Premium       value  ;f  10 

One  Premium       „        £^ 

The  next  award  of  the  Willans  Premium  by  the  Institution  of 
Electrical  Engineers  will  be  made  in  December,  1903,  and  all 
eligible  papers  read  before  the  Institution  from  January,  1898,  up 
to  that  date  will  then  be  taken  into  consideration. 

I  am,  dear  Sir, 

Yours  truly, 

WALTER  G.  McMillan, 

Secretary, 

[P.T.O. 
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|nslilutt0tT  ai  €ltdxuul  i^npnters. 


The  Council  will  be  pleased  to  receive  communications  on  the  fcl- 
lowing  or  other  suitable  subjects. 

1.  Best  methcxls  jof  generating  steam  and  steam  power  for  variable 

loads. 

2.  Comparison  of  double-  and  triple-expansion  engines  for  varying  load 

conditions. 

3.  Automatic  handling  of  fuel  in  power  stations. 

4.  The  present  position  and  applicability  of  gas  or  oil  engines  for  electrical 

power  stations. 

5.  Description  of  plants  for  the  utilisation  of  river-  or  tidal-power  in  the 

generation  of  electrical  energy. 

6.  The  present  position  and  prospects  of  the  application  of  liquid  and  of 

powdered  fuel  in  electrical  power  stations. 

7.  The  utilisation  of  blast-furnace  gases  or  other  waste  products  of  manu- 

factures in  the  generation  of  electricity. 

8.  The  application  of  dust-destructors  to  the  generation  of  electricity. 

9.  Electric  light  and  power  station  chimney  shafts ;  specialities  of  their 

construction  and  equipment. 

10.  Experiences  with  vibrations  from  electric  light  and  power  stations. 

1 1.  Bearings  of  shaft  and  shafting  running  at  high  speed. 

12.  Improvements  in  dynamos. 

13.  Comparison  of  speed  and  cost  of  dynamo. 

14.  Comparison  of  single  and  multiple  central  stations. 

15.  The  wholesale  supply  of  electricity  to  towns  and  factories  from  centres 

where  very  large  generating  units  are  employed. 

16.  The  distribution  of  electrical  energy  from  a  distant  generating  station 

through  districts  served  from  a  difiFerent  source  of  supply,  or  under 
a  separate  local  authority. 

17.  Electrical  distribution  by  constant  current,  direct  or  alternating. 

18.  Examination  of  relative  advantages  and  disadvantages  of  direct-current 

and  alternate-current  transmission. 

19.  Examination  of  relative  advantages  and  disadvantages  of  two-phase 

and  three-phase  transmission. 

20.  Methods  of  controlling  speed  of  alternating  current  motors. 

21.  Practical  methods  of   measurement  in  connection  with  polyphase 

distribution. 
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22.  Methcxls  for  the  conversion  of  direct  current  into  alternate  current. 

23.  Methods  of  providing  for  electrical  supply  during  hours  of  small 

demand. 

24.  Utilisation  of  lighting  plant  for  other  work  during  the  hours  of  small 

demand. 

25.  The  electrical  equipment  of  large  blocks  of  offices  in  a  city. 

26.  Economy  of  design  in  the  manufacture  of  small  electric  fittings. 

27.  Portable  electric  lamps  of  the  "  safety  "  type,  or  otherwise. 

28.  Enclosed  arc  lamps. 

29.  Improvements  in  incandescence  electric  lamps. 

30.  Incandescence  electric  lamps  with  filaments  other  than  pure  carbon. 

31.  Application  of  electrical  transmission  in  factories  : — 

(a)  Detailed  description,  giving  sizes  of  motors  and  power 
provided. 

(6)  Comparison  of  separate  or  combined  direct-  and  alternate- 
current  methods. 

(c)  Combination  of  lighting  and  power  for  such  purposes. 

32.  Electricity  meters. 

33.  Description  of  electrical  methods,  or  comparison  of  these  with  other 

methods,  of  propelling  vehicles. 

34.  The  supply  of  electrical  energy  for  tramway  purposes. 

35.  The  use  of  electrical  methods  of  traction  on  railways  served  by  steam- 

driven  locomotives. 

36.  The  economy  and  design  of  electrical  elevators. 

37.  The  design  and  economy  of  etectrically  driven  pumps. 

38.  The  utilisation  of  electrical  energy  in  mining. 

39.  The  applications  of  electrical  energy  in  warfare. 

40.  The  use  of  electricity  in  the  textile  and  other  industries. 

41.  The  application  of  electricity  in  musical  instruments. 

42.  Electro-therapeutics. 

43.  The  establishment  of  public  time-services  by  electricity. 

44.  Recent  advances  in  telegraphy. 

45.  Applications  of  alternating  currents  in  telegraphy. 

46.  The  transmitting  capacity  and  load  factor  of  telegraph  circuits. 

47.  Hertzian  telegraphy. 

48.  Methods,    in    aerial   telegraphy,    of   restricting    signals    to    selected 

stations. 

49.  Recent  improvements  in  telephony. 

50.  Descriptions  of  systems  tending  to  simplify  the  interchange  of  tele- 

phonic communications. 

51.  The  talking  capacity  and  load  factor  of  telephone  circuits. 

52.  The  application  of  electricity  to  the  generation  of  heat  for  domestic 

purposes  (cooking,  ventilation,  heating,  &c.). 
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53.  The  construction  and  use  of  electric  furnaces. 

54.  The    application    of    electricity    to    the    welding   or    annealing    of 

metals. 
S5-  The  application  of  electrical  heating  methods  in  chemical  or  metal* 
lurgical  operations. 

56.  The  applications  of  electricity  in  metallurgical  processes. 

57.  The  applications  of  electrolysis  in  the  smelting  or  refining  of  metals,  or 

in  the  chemical  industries. 

58.  The  electrical  equipment  of  chemical  factories. 


1 

.  The  manufacture  of  permanent  magnets.  ' 

y2.  The  relation  of  chemical  composition  and  physical  condition  to  the 
electrical  or  magnetic  properties  of  substances,  considered  in  its 
bearing  upon  electrical  engineering  practice. 

73.  High-resistance  metals  for  instruments  or  resistance  coils. 

74.  New  resistance  alloys. 

75.  The  protection  of  laboratories  and  observatories  against  magnetic 

disturbances  due  to  local  causes. 

76.  Recent  legislation  in  its  relation  to  electrical  undertakings. 

77.  The  relations  between  electric  lighting  or  power  corporation*  and 

municipal  authorities. 

July,  1900. 
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NOTICE. 


It  is    particularly    requested  that    any    change   of    Resideoce 
or  Address  may  be  communicated  at  once  to 

The  Secretary, 

The  Institution  of  Electrical  Engineers, 
28,  Victoria  Street^ 

Westminster,  S.W. 
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Institution  of  (gltrtrital  dEnginem. 


The  Secretary  would  feel  obliged  to  any  one  who  would  communicate  to  him 
(at  28  Victoria  Street,  S.W.)  the  present  address  of  any  of  the  following  gentlemen, 
ivith  whom  the  Institution  has  lost  touch,  owing  to  their  removal  without  notifymg 
him  of  their  change  of  residence:— 


Members, 

Andrews,  Tom  B. 
Ballen,  Ernest  W. 
Cousens,  R.  L. 
Cowell,  John  Bay. 
Gee,  Basil. 
Inrig.  A.  G. 
Keith,  Dr.  N.  S. 
Kierzkowski-Steuart,  C.  F. 

de. 
Norman,  H.  Dudley. 
Peikert,  Henry  Martin. 
Pell,  Bennett. 
Scott,  Ronald  A. 
Sinikins,  A.  R. 
Urquhart.  David. 
Yeatman,  F.  F. 

Associate  Members. 

Bland,  Robert  W.  H.  M. 
Brydon,  Horace  James. 
Cottrell,  W.  R.  T. 
Covemton,  Ralph  H. 
Holtby,  Alfred  Charles. 
Johnson,  Hilton. 
Nicholson,  H.  Godfrey. 
Winter,  E.  A.  Max. 
Wolley-Dod.Thomas  Crewe 

Associates. 

Allingham,  S. 
Anderson,  A.  S. 
Andreoli,  G. 
Bauer,  J.  A. 
Baxter,  E.  II. 
Beaumont,  A.  J. 
Beraey,  Walter  Charles. 
Borman,  William  Walter. 
Brooksbank,  Arthur. 
Bruce,  W.  Forbes. 
Carty,  R.  C. 
Clark,  R.  C.  G. 
Coathupe,  J.  Sandford. 


Coles,  Henry. 

Coles,  Walter  J. 

Cooper,  George  W. 

Cushney,  John. 

Davy,  W.  J. 

Dawkins,  R.  McG. 

Dixon,  F.  C. 

Douglas,  Archibald. 

Downie,  C.  M. 

Druce,  William  Havilland. 

Drummond,  H.  H.  J.  W. 

Dunn,  G.  B. 

Elliott,  John  B. 

Evans,  Arthur  P. 

Foster,  John  Arnold. 

Tjers,  Evan  W.  H. 

Gibson,  Arthur  H. 

Hale,  H.  G. 

Hall,  E.  A. 

Harvey,  H.  S. 

Hellman,  Hugh. 

Heywood,  S.  H. 

Higley,  W.  J. 

Howard,  H.  L. 

Lawrence,  L.  J. 

Lea,  James  E. 

Login,  Lewis  C. 

Long,  Ernest  D. 

Mackenna,  John. 

Mansel,  R.  S. 

Marks,  Herbert  T. 

Mereier,  M. 

Miller,  Robert  B. 

MitcheU- Withers,  Alfred. 

Moore,  Wm.  E. 

Orme,  J. 

Pell,  P.  Bennett. 

Petersen,  Theodor. 

Pocklington,  A.  W.  S. 

Polyblank,  0. 

Pringle,  E.  0. 

Raaschou,  P.  T. 

Rew,  G.  H. 

Reynolds,  H.  H. 

Rowe,  T. 

Saunders,  P. 


Shillito,  B.  J. 
Sims,  Alfred. 
Stephenson,  C.  A. 
Stevens,  W.  A. 
Teale,  Walter. 
Todman,  J.  Torr. 
Trott,  A.  H.  H. 
Vyvyan,  Richard  N. 
Warner,  R.  A. 
Wason,  Rlgby. 
Webb- Watts,  T. 
West,  Howard  S. 
Wickins,  H.  R. 
Wray,  Cecil, 
Young,  C.  T.  J. 

Students. 

Avens,  R.  P, 
Clark,  J.  P. 
Dell,  H.  P. 
Dumaresq,  R.  P. 
Eastgate,  C.  C.  T. 
Fox,  B.  D. 
Greenwood,  A.  II. 
Harris,  G.  W. 
Hodges,  R.  Vf. 
Mackinlay,  K.  T, 
Morrah,  E.  J. 
Morris,  John  Leslie. 
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Surveyor  and  District  Engineer,  Cape 
Town. 

25,  St.  Gkorge's  Square,  Regent's  Park, 

N.W. 
2,  Bucklands,  Teddington. 
Outer  Temple,  222,  Strand,  W.C. 

Westinghouse  Buildings,  Norfolk  Street, 

Strand,  W.C. 
1331,  Connecticut  Avenue,  Washington, 

D.C. 

**Fordsbury,'*  Edgeley,  Stockport. 

44,  Manor  Park  Road,  Harlesden,  N.W. 

13,  Victoria  Buildings,  Manchester. 

Care  of  Messrs.  Cox  &  Co.,  16,  Charing 
Cross,  S.W. 

38.  Warwick  Row,  Maida  Hill,  N.W. 

Superintendent,  Telegraph  Department, 
Calcutta. 

Riverstone  Lodge,  Wimbledon  Park 
Road,  Southfields,  S.W. 

Glebe  Lodge,  Champion  Hill,  S.E. 

The  London  Electric  Supply  Corpora- 
tion, 25a,  Cockspur  Street,  S.W. 

Electricity  Supply  Company  for  Spain, 
Salon  del  Prado  14,  Madrid. 

71,  Queen  Victoria  Street,  E.C. 

71,  Queen  Victoria  Street,  E.C. 
P.  &  O.  Terrace,  Bombay. 
New  Oxley,  Wolverhampton. 
19,  Bengal  Road,  llford. 
59,  City  Road,  E.C. 

Via  Fabio  Severo  No.  1,  Trieste,  Austria. 
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A.  1879  )  ^ 

M.  1887  )  ^'^^^'  Edwin 

1877     Blissett,  T. 


1891 
1886 
A.  1877 
H.1883 
A.  1893 
M.1898 
A.  1872 
H.1889 
A.  1874 
M.1886 

1890 
1874 

A.  1893 

M.1899 

1898 


6lX>XHAM,  E. 

Bolton,  Alfred  S.  . 
)  Bolton,  F.     . 

§BooT,  H.  L.  P. 


Barmouth,  North  Wales. 

Care  of  Messrs.  Grindlay  A  Co.,  65,  Par- 
liament Street,  S.W. 
17,  Rue  des  Petites  Ecuries,  Paris. 
Moor  Court,  Cheadle,  Staffordshire. 

Eastern    Telegraph    Company,   12,  YU 
Carintia,  Trieste. 

Town  Hall,  Tunbridge  Wells. 


} 

I  Bottomlbt,  James  T.,  F.R.S.    18,  University  Gardens,  Glasgow,  N.B. 

( BOURNE,  ROBERT  O.  . 
i  {Local  Hon.  Sec.  and  Trea- 
(        surer  for  Queensland) 


Bowman,  Dr.  F.  H.,  P.R.S.E. 
Boyle,    R.  Vicars,  C.S.I., 
M.Inst.  C.E. 

I  Bradford,  John  R.  . 

Bradt,  Capt.  D.,  R.E. 


Chief  Manager  and  Inspector,  Tekgnpb 
Department,  Brisbane,  Queensland, 
Australia. 

Mayfield,  Knutsford,  Cheshire. 


A.  1893  I  Bragg,  Prof.  W.  H.,  M.A., 
M.  1894  )      Cantab. 

1899     Brain,  Orlando  William  . 

1893   §Braithwaite,  Joseph  Bevan, 
Jun. 

1890     Bramwell,  Sir  Frederick, 
Bart.,  F.R.S. 

1898  \  ^^^^^^o^-^V^^^t  Herbert  . 

A  1890  ^ 

'    ^^  J-Bremner,  David  Alexander 
m.  1894  S 

1875     Briggs,  James  A.      . 

A.  1886  I  Bright,  Charles,  F.R.S.E., 

M.  1887  J      Assoc.  M.Inst.  C.E. 

1898     Bright,  Charles     . 

1896     Bright,  Stanley     , 

1873     BRISTOW,  G.L.     . 

{Honorary  Solicitor) 
1877     Brittle,    John    Richard, 

M.In8t.  C.E.,  F.R.S.E. 
1872     Broadbent,  J.  E.,  Lt.-Col., 

R.E. 

M.S}*^'^'^™'^^'^^      • 
*'  t  Browett,  Thomas    » 

M.  JlaUU  y 


Telegraph  Office,  Brisbane,  Queensland. 

Adjutant,   Electrical   Engineers    (RE.) 

Volunteers,  13,  Victoria  Street,  S.W. 

University  of  Adelaide,  South  Austrslis 

51,  Philip  Street,  Sydney. 

"  The  Highhmds,"  New  Bamei,  Herts. 

5,  Great  George  Street,  S.W. 

10,  Baronsmere  Road,  East  Finchlej,K 

16,  St.  John's  Road,  Richmond,  Surrej. 

The  National  Liberal  Club,  S.W. 
Denham  Priory,  Bucks. 

14,  Copthall  Avenue,  E.C. 

Tilbury  Dock,  Essex. 

1,  Copthall  Buildings,  E.C. 

"Farad  ViUa,"  Vanbrugh  Hill,  Blwk 

heath,  S.E. 
With  the  Supreme  Government,  India. 

12,  Tyson  Road,  Forest  Hill,  S.E. 
Eccles,  near  Manchester. 
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A. 


1898  [  ^®^^^»  AiiPRED  Gharlbs    .    129,  Algernon  Boad,  Lewisham,  S.E. 


"Melbonme    House,"    Qneen's    Boad, 
WalsaU. 


1887  I  Brown,  Fbedebicx  . 
1898) 

1892 1  Browne,  Robert  Jamibson    Engineering_pepartment,  B.  I.  S.  N.  Co., 
1898  y 


1889     Brtson,  Wm.  a.,  P.R.S.E. 

1881  fBuLiJSR,  Ernest  W. 
1900     BuROE,  Charles  A. . 

1894      BURSTALL,  H.  R.  J.    . 


Sulkea,  Howrah,  Calcutta. 

Arc  Works,  Chelmsford. 

Borough  Electrical  Engineer's  Depart- 
ment, Town  Hall,  Dsith. 

97,  Leinster  Road,  Rathmines,  Ireland. 
14,  Old  Queen  Street,  Westminster, S.W. 


1893     Callender,  Thomas  Octavixjs  West  Heath  House,  Abbey  Wood,  Kent. 
1871   •Canning,  Sir  Samuel,  C.E.  .    3,  Great  Winchester  Street,  Old  Broad 

Street,  E.C. 
1883     Cafito,  Charles       •  .    5,  Eardley  Crescent,  South  Kensington, 

S.W. 
1878   •Cappel,     Sir     Albert     J.    27,  Kensington  Court  Qardensy  W. 

Leppoc,  K.C.I.E. 
1881  'fCARDEW,  Major  PHILIP,    Maybury  Wood,  Woking. 
R.E.  {Member  of  Council) 

A.  1882  }  'gCARR,  Major  G.  A.,  R.E.    .    4,  Staff  Quarters,  Brompton  Barracks, 
1)  ^.     . 


M. 1896  I 


Chatham. 


A.  1883  )  Carter,  Edward  Tremlbtt,    "  Rose  Bank,"  40,  Alexandra  Road,  Upper 
M.  1895  J      P.R.A.S.  Norwood,  S.E. 

A.  1884  )  Carus- Wilson,  Professor  C.  A.,  41,  Old  Queen  Street,  Westminster,  S.W. 
M.  1891  >      M.A. 


1892     Cassels,  F.  K. 
A.  1884  I  Chambers,  Joseph  C. 
M.1886) 

A.  1889  )  Chambers,  M.  8. 
M.1900) 

A.  1884  )  ^ -,  „-    , 

.^A  *Chamen,  W.  a. 
M.  1894  5 

A.  1894  )  Channon,  Harry  C.  . 

M.1899) 

A.  1882 

M.1893 


493,  Calle  Caseros,  Buenos  Ayres. 

The  National  Telephone  Co.,  4,  Albion 
Place,  Leeds. 

Electrio  Light  Office,  Governor's  Lane, 
Gibraltar. 

75,  Waterloo  Street,  Glasgow. 

"  Cotswoldbury,"  Glengall  Road,  Wood- 
ford Green,  Essex. 

University  College,  Bristol. 


t  §Chattock,  Arthur  P. 
IChattock,   Richard   j 

)       ANDBR 

^'         I  •Chauvin,  George  von        .    12,  Queen  Anne's  Gate,  S.W. 
K.  1872  ) 


A.  1890 1  Chattock,   Richard   Alex-    Electrical  Engineer's  Office,  Town  Hall, 
M.  1898  J      ANDBR  Bradford. 


Digitized  by  LjOOQ  IC 


12 


MEjMBEivS. 


Ghbistt,  Frank 
890     Ghubch,  G.  H. 

897     Claremont,  Ernest  A. 


.900     Cheetham,  Gborob  . 
893     Chew,  William 

892) 

gog  y  Chisholm,  John  William 


:}' 


I  Clark,  W.      . 

Clatworth 
I  Clay,  C.  B. 


885 

891 

899     Clatworthy,  Walter  A. 

885] 

891! 

.883     Clayton,  Alfred 


"  Shnbra,"  Balmoral,  Belfast,  Ireboi 
*' Trafalgar    House,"      lijtham     Boii 
Blackpool. 

Plaza  del  Angel,  18,  Madrid. 

Broomfield  Road,  Chelmsford. 

Building    Works    Departmenl,    Bon. 

Arsenal,  Woolwich,  S.E. 
"Endslei^,"  Le|^    Boad,    Knntiford. 

Cheshire. 

61,  Ermine  Road,  Lewiaham,  S.E. 
29,  LUy  Avenue,  Newc&stle-on-Tyne. 
44,  Albemarle  Road,  Beckenham,  Kent 


.    Equitable    Buildings,     Collins    StRXt 
Melbourne,  Victoria. 
896     Clements,  Francis  William    Halstead,    Bruce  Street,   Toorak,  Mel- 
bourne. 
884     Clifford,  Henry  .    1,  Lansdowne  Place,  Blackheath  S.E. 

j^Q^  [  Clirbhuoh,  S.  V.      .  .    78,  King  Street,  Manchester. 

I  fCocKBURN,  Arthur  C,  F.C.S.  156,  Willesden  Lane,  Brondesbuiy,  N.W. 


880  )  Coleman,  Alfred 
.886  > 


.    National    Telephone    Company,    Tele- 
phone Building^,  Birmingham. 


OQQ  )  §CoLLiN8,  Bribrley  Healey  Liverpool  Corporation  Electric  Sappl? 
°      >  Works,  15,  Highfield  Street,  liTer 

3  pool. 

888  )  CoLLis,    William      Henry,  28,  Mulgrave  Street,  Liverpool. 

898  S      A.K.C. 

900     CoLSON,  Alfred 


Corporation    Gas    and    Electric  U^^ 
Office,  Leicester. 

Messrs.  Connolly  Bros.,  Ltd.,  Blackkv, 
Manchester. 

60,  Delaunays  Road,  Crumpsall,  Hafi- 

Chester. 
80,  Lancaster  Park,  Richmond,  Sunej. 
2,  Victoria  Mansions,  Westminster,  S.W. 

Telegraph  Department,  Great  Northen 
Railway  Company,  Retford. 
.898     CoOKSEY,  Daniel  Frederick,  Corsley  Villa,  Western  Elms   Avenue. 
Assoc.  M.  Inst.  C.E.  Reading. 

890  )  Corlbtt,  G.  S.  .  .    Arcade  Electrical  Works,  King  Strett. 

899  i     .  Wigan. 

898  ) 

_^  >  §CoRMACK,  John  Dewar       .    University,  Glasgow,  N.B. 


N.s.  J  Connolly,  James 
900) 

»-8.  )  Connolly,  John  T.    . 
900) 

.890  §CooK,  David,  M.  Inst.  C.E, 
878     CooKB,  Conrad  W.   . 
882 1  Cooke,  F.  W. 
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A.  1892  )  gQoTTAM,  George  Henby     .    Electricity  Works,   St.  John's    Vestry, 
M,  1896  )  West  Hampstead,  N.W. 

1897  Cotton,  Ross  .    5,  Mont  le  Grand,  Exeter. 

m'  1891  [  ^^^^^^»  W.  A.  .    47,  King  Street,  Mile  End,  Glasgow. 

A..  1890  }  CouBTENAY,  tf.  Ibving,  M.A.     Electrical  Power  Storage  Co.,  4,  Great 

M.  1893  )  Winchester  Street,  E.C. 

A.  1883  1  ^  -,   _ 

^  ««^  t  COUSENS,  R.  L. 
M.  1889  3  ' 

A    1889 1 
'  1891  \  ^°^^^»  ^yf'  '    West  Bank,  Disley,  Cheshire. 

1898  CowELL,  John  Ray  . 

1897     CowPBB-CoLES,  Sherabd  O.     Grosvenor    Mansions,    Victoria    Street, 

Westminster,  S.W. 

1882     Cox- Walker,  E.        .  .    Messrs.  Cox- Walker  &  Co.,  Electricians, 

Darlington. 

A.M.'  1900  V  Crapper,  Ellis  Herbert  .    32,  Spring  Hill  Road,  Sheffield. 
M.  1899  ) 

1871   fCRAWFORD  AND  Balgarreb,  The  Carlton  Club,  Pall  Mall,  S.W. 

The  Earl  of,  K.T.,  F.R.S. 

A.  1883  )  Crawley,  Charles  W.  S.     .  44,  Castletown  Road,  West  Kensington, 

M.  1898  >  W. 

1890     Creak,  Captain  Ettrick  W.,  7,  Hervey  Road,  Blackheath,  S.E. 

R.N.,  F.R.S. 

aS  1892  ) 

1  QcvT  c  Crews,  Henry  Clavell       .    11,  Blackf riars  Street,  Manchester. 
M.  1897  3 

a.  1880  )  CROMPTON,  R.  E.,  M.  Inst.    4,  Mansion  House  Buildings,  E.C. 
M.  1881  )      C.E.  iPast-President) 

M  1886  \  §C»O0KE8,  Henry,  A.R.S.M.     109,  Ladbroke  Grove,  Netting  Hill,  W. 

1881   §CROOKES,  Sir  WILLIAM,  7,  Kensington  Park  Gardens,  W. 

F.R,S.  (Past-President) 

^•8'  )  Crosland,  J.  F.  L.    .            .  The  Vulcan  Boiler  Insurance  Co.,  67, 

M.  1900  )  King  Street,  Manchester. 

1880  §CuLBERTSON,  Dr.  J.  N.          .  The  Bell  Telephone  Company,  14,  West 

Seneca  Street,  Buffalo,  N.Y.,  U.S.A. 
1888     CUNYNGHAME,    HENRY    36,  Eaton  Place,  S.W. 
H.,  C.B.{Memberof  Council) 

1881  §Cu8HiNo,  TBtos.,  F.R.A.S.    .    India    Store    Depdt,    Belvedere    Road, 

Lambeth,  S.E. 


1896    D* Alton,  Patrick  Walter  .    Bexley  House,  The  Grove,  Blackheath, 

S.E. 

A.  1891 1  Dando,  Henry  A.      .  .    Care   of    Post    Office,   Lyttelton,  New 

M.  18d4  )  Zealand. 
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1876  §DAimBLL,  FaiNcis  T.  B. 

A.  1886  )  ^ 

M.  1890  S  ^^^^^^^»  AiAN 

A.  1886  )  ^ 

M.  1888  S  ^^^^^^*  Ernest      . 

A.  1894  )  ^ 

M.1900f^'''^^^^»^»^-^-        • 

1877  Davids,  R.  G.  B.        . 
f  SDAVIES  J.  H. 

1890  <  (Local  Hon.    Sec.  and 

(       Treas.  for  the  Transvaal) 
1900     Davis,  Charles  Henrt 

A.  1888  ]  Dawbarn,  Robert  Arthur  . 
M.  1894  ) 

1897  [  ^^^^°^»  John  Alex. 

Deakin,  Benjamin  Walter 


Cure  of  Messrs.  Hickie,  Bonnan  k  Co. 
14,  Waterloo  Place.  S.W. 

00,  Travesa  de  Santa  Josta,  Lisbon. 
476,  Galle  Piedad,  Buenos  Ayres. 

B«,  The  Albany,  PiccadiUy,  W. 

Pedreira,  SAo  Paulo,  Brazil. 

P.  O.  Box  8,  East  London,  Cape  Colony. 


1894 


A.  1879  I 
M.  1898  3 

1889     Dempster,  F.  E.,  CLE. 


Dearlovb,  Arthur  L. 


A.  1891  f  DENHAM,  JOHN     . 

M.  1897 1      -  ^^^-  ^^'  ^^^d^}^ 


Cape^  Natalf  and  Rhodesia) 
1891     Denny,  A. 
1876    §Derino,  George  E. 


99,  Cedar  Street,  New  York  Citv,  New 

York,  U.S.A. 
"Wierton."    GranviUe     Road,    Sidcap 

Kent. 

88,  Kilgour  Street,  Oeelong,  Australia. 
69,  City  Road,  E.C. 

Mumps  Electric  Works,  Oldham. 

The  British  Insulated  Wire  Co.,  Gosr- 
dian  Buildings,  63-^,  Queen  Snet, 
Melbourne. 

4,  Great  Winchester  Street,  E.C. 

Indian  Government  Telegraph  Depaii- 

ment,  Umballa. 
Electrician's  Office,  Cape  Gk>vemineat 

Railways,  Cape  Town. 


Leven  Ship  Yard,  Dumbarton. 

Lockleys,  Welwyn,  Herts. 
1881     Dewar,  Professor  J.,  M.A.,    Royal  Institution,  Albemarle  Street,  W. 
F.R.S. 

Commercial  Cable  Company,  Hazel  Hili. 
Guysborough  County,  Nova  ScoU*. 

Telephone  Buildings,  Birmingham. 

The  Yorkshire  Houso-to-House  Elec- 
tricity Co.,  Limited,  WhitehsU 
Road,  Leeds. 


A.  1877  )  Dickenson,  S.  S. 
M.1889) 

1896  Dickinson,  Alfred  . 

1897  Dickinson,  Harold  . 


^  n-rv«  t  DiESELHORST,  WiLLIAM 

M.  1898  3  * 

A.  1891 )  DiRCKS,  Alex.  Alfred 

M.1898( 

1898  Dixon,  Walter 
A.  1889  )  Dobbon,  Sydney 
K.1889) 


182,  Victoria  Road,  Old  Charlton,  KeDt 

Telegraph  Department,  G.P.O.,  Sydney, 

N.S.W. 
69,  Bath  Street,  Gh&sgow,  N.B. 

Electric  Light  Station,  Caniaby  Street, 
Golden  Square,  W. 


Digitized  by  LjOOQ  IC 


MEMBERS. 


15 


▲. 

M. 

A. 
M. 


M. 
A. 
M. 
A. 
M. 
A. 
Iff. 
A. 
M. 
A. 
M. 
A. 
M. 


1872  I  §DoNOVAN,  H.  C. 
1376  ) 

1884  1  DoRMAN,  C.  M. 

1890) 

1891    Douglass,  W.  T. 

1886|dq^jj  p  J 

1889) 

1889)^ 

1891 )  ^^^'siNG,  H.  J. 

1883)^ 

1886  f  ■^^'^^^»  Bbbnard 

^^^  I  Dru6man,  Leon 
1889  J 

1876  1  Dupp,  Benjamin 
1886) 

1872 1  Dunn,  Andrew  S. 

1897) 

1890)  ^ 

1898  )  ^^^™^»  Alfred  Herhert 


10,  Coleraine   Road,  Westcombe  Park. 
S.E. 

Ordsall      Station      Electrical     Works, 

Salford,  Manchester. 
15,  Victoria  Street,  S.W. 

••  Glengariff,"  Milton  Road,  Harpenden, 
Herts. 

24,  Budge  Row,  Cannon  Street,  E.G. 
66,  Victoria  Street,  S.W. 

Administratenr  Society  Anme.  du  Gas 
de  Rio,  Rio  de  Janeiro. 

Superintendent    of     Telegraphs,     Gape 
Town,  Gape  of  Good  Hope. 

Telegraph    Superintendent,  Galedonian 
Railway  Go.,  Glasgow,  N.B. 

1,  Victoria  Street,  S.W. 


1884)^  „ 

1892  I  ^^^^^^'  Hardman 

J^}eck.H.J.,M.A.        . 

.  1894  }  ECKSTEIN,  A.  , 

.1900) 

'  {•  ♦Eden,  Augustus 

.  1892 1  Edgcohe,  Jambs  Edmund     , 
.1898) 

1878  )  EDMUNDS,  HENRY  (Jfem- 
1881 )      berof  Council) 
1872 1  Egginoton,  Alfred  . 
1877) 

1881     Ellbry,  R.  J.  L.,  G.M.G., 
P.R.S. 

1898 1  Elms,  Arthur 

1897) 

1873    Ellis     William,     F.R.  S., 

P.R.A.S. 
1889 1  §Ell80n,  Lawrence  H.  S.    » 
1893) 

]^  \  •Elphinstone,  George  K.B. 
lo9o  ) 


40,  Aughton  Road,  Birkdaie,  Southport 

5,  Priory  Road,  Bedford  Park,  W. 

Ashfield  Villas,  11,  WUmslow  Road, 
Withington,  Manchester. 

Engineer-in-Ghief  s  OflSoe,  G.P.O.,  E.G. 

Borough  Electrical  Engineer,  Gentral 
Electric  Station,  Kingston-on- 
Thames. 

"Dartmouth  House,"  2,  Queen  Anne's 
Gate,  S.W. 

Eastern  Telegraph  Company,  28,  Via 
Venti  Settembre,  Rome. 

Government  Astronomer,  Melbourne. 

Corporation     Electricity    Works,    Spa 

Road,  Bolton. 
12,  Vanbrugh  Hill,  Blackheath,  S.E. 

Messrs.  Booth,  Ellson  &  Co.,  Queen 
Street,  Melbourne,  Victoria. 

101,  St.  Martin's  Lane,  W.G. 
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^'  ]^  \  Fell,  A.  L.  C.  .  .    12,  Adelaide  Rd.,  Nether  Edge,  Sheffield. 

M.  lo«7T  3 

1891  FERRANTI,  S.  Z.  de  {Mem-    "Ingleside,"   Lyndhurst   Road,   Hamp- 

ber  of  Council)  stead,  N.  W. 

1888     Festino,  Major-General,R.E.,  80,  Queen's  Gate  Terrace,  S.W. 

C.B.,  F.R.S. 
1872     Ffinch,  B.T.,  CLE.  .     Director -in -Chief,  Indo-European  Go- 

vernment   Telegraph    Department, 
India  Office,  S.W. 
1877     Field,  S.  D.  .  .    Stockbridge,  Mass.,  U.S.A. 

1871     Fitz-Gerald,  Desmond  G.  .    94,  Loughboro'  Road,  Brixton,  S.W. 
1891     FITZGERALD,  Prof.  G.  P.,    Trinity  College,  Dublin. 
F.R.S.  {Chairman^  Dublin 
Local  Section)^ 
1891   iFrrzMAURiCE,  J.  S.    .  .    Electric  Light  Branch,  Telegraph  Stores, 

Kent    Street,  Sydney,  New  South 
Wales. 
A.  1873}  •Fleetwood,  Charles  Thob.    "Teigngrace    House,"    160,    Amhursl 
M.1886)  Road,   Hackney. 

1882  •Fleming,  Professor  J.    A.,    2,  Langland  Place,  Finchley  Road,  N.W. 
M.A.,  D.Sc.,  P.R.S. 

A  1887  ) 

M  1893  \  ^^^"^^^^y  George  Edwin  .    **  The  Homestead,"  Cale  Oreen,  Stockport 
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A.  1872  }  Fletcher,  J.  W. 
M. 1877  ) 

A.  1884  }  gPusTCHER,  R.  E 

M.  1892  ) 


Telegraph    Department,    London     and 
North  Western  Bailway ,  Manchester. 


.  Exchange  Court,  Princes  Street,  Dun- 
edin,  N.Z. 

1881   t§FoBBE8,    Professor    Geo.,  34,  Great  George  Street,  Westminster, 
M.A.,  F.R.S.,  r.R.S.B.  S.W. 

A    1878  1 

lfl76  f  ^^^^^*  ^'  ^®  Neve  .  61,  Gadogan  Square,  S.W. 

1872  §FOSTER,  Prop.  G.  CAREY,  Ladywalk,  Rickmansworth,  Herts. 
P.R.S.  {Past-President) 

A§  1890  )  Fowler,  George  Vaughan  .  Albert  Works,  Graham  Street,  Birming- 


M. 1894  ) 

A.  1886  }  •Fricker,  Guy  Carey 

ic.l89d) 

A.  1876  )  Fuller,  George 

1C.1889) 

1875     Fuller,  John  C.      . 

A.  1882  I  FuRBY,  W.  S. 
M.1899) 

1875     Furze,  Edwin 

1898     Fynn,  Valere  Alfred 


ham. 

"  Redcot,"  Putney  Park  Lane,  Putney, 
S.W. 

Woodland  Works,  Wick  Lane,  Old  Ford 

Road,  Bow,  E. 
Woodland  Works,  Wick  Lane,  Old  Ford 

Road,  Bow,  E. 
Telegraph  Department,  Auckland,  New 

Zealand. 

Compania  Telegrafica  del  Rio  de  la  Plata, 
Buenos  Ayres. 

39,  St.  Paul's  Road,  Manningham,  Brad- 
ford. 


Gadbby  Charles  Herbert  . 
Gaine,  Wm.  Edward  Louis 
GARCKE,  E. 

{Honorary  Auditor) 

y  Gatehouse,  T.  E. 

)  GAVEY,  JOHN 
>      {Member  of  Council) 
Gay,  Albert  . 


1897 
1898 
1889 

a.  1877 
if.l886 
A.  1872 
M.1877 

1895 
A.  1882 
M.1888 
A.  1884 
M.1889 
A.  1882 
M.1897 

1874 

A.  1890  )  , 

1898  \  ^'^^°'®^'  Alpbbd  Horswill 

A.  1891 J  Gibbinob,  W. 
M.1891  ) 


>  Gee,  Basil     . 
)  Geipel,  Wm. 

)  Gell,  John    . 
Gerhardi,  Charles  A. 


20,  Victoria  Street,  S.W. 

100,  St.  Geoxge's  Square,  S.W. 

Donington  House,  Norfolk  Street,  Strand. 

60,  Gresham  Road,  Brixton,  S.W. 

"Fairlight,"  Church    Grove,  Hampton 

Wick. 
3,  Quadrant  Road,  Canonbury,  N. 


97,    Shooter's   HiU   Road,   Blackheath, 
S.E. 

Telegraph  Department,  Wellington,  New 

Zealand. 
280,  Winchester  House,  Old  Broad  Street, 

E.G. 

6,  Old  Bank  Chambers,  Bradford. 

"  Woodside,"  Halebank,  Widnee,  Lanca- 
shire. 
2 
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1900  f  CriBBONB,  FREDERICK  Chas.      6,  Park  Boad,  Pendleton,  Manchester. 

A.  1895  I  QiLBs^  Alfred  S.      .  .    Borough  Electrical  Engineer,  Electeka? 

M.  1900  i  Dept.,  Jubilee  Street,  Blackhoin. 

A.  1891 1  Gill,  Frank  .  .  .The  National  Telephone  Co.,  Ltd.,  T?Jfr 

M.  1898  J  phone     Buildings,      Crown    Alky. 

Dublin. 
A.  1890)  gGiMiNOHAM,  Edward  Alfred  "Stamford    House,"     Northumberlioi 
M.  1894  f  Park,  Tottenham,  N. 

A.  1886 1  GISBORira,      HARTLEY,    P.  O.  Box  212,  Femie,  British  CdamhiA 
M.  1890  )      M.  Can.  Soo.  C.E. 

{Local  Hon.  Sec.  and  Treasurer 
for  Canada) 
1873   •Gladstone,  Dr.  John  Hall,    17,  Pembridge  Square,  W. 
F.R.S. 

23,  Queen's  Road,  Richmond,  Sarref. 

23,  St.  Swithin*s  Lane,  E.C 

Purdue   University,  La    Payette,  Ini 
U.S.A. 

London  and  South  Western  B«lw. 
Southampton. 

Chief   Engineer    and    Superintendent'* 
Office,  Electrical  Department,  Giw* 
Western  Railway,  Paddington  Sta- 
tion, W. 
1899     GrOODMAN,WM.  Georqe  Toop    Tramways  Construction  Branch,  PuWk 

Works,  Sydney. 
A.  1886 1  •GooLDEN,  Walter  T.  MJ^.    2,  St.  Nicholas  BuUdings,  Newcastlina- 

Tyne. 

66,  Victoria  Street,  S.W. 


1900     Glazebrook,  R.  T.,  P.R.S. 

1899     goldsborouoh,   winder 
Elwell 


1872     Goldstone,  Charles 
1886     GooDBNOUOH,  Henry  T. 


[  Gorr,  John 
Graburn,  1^ 
>  §Grahax,  William  John 


M.1889> 

1889     Gorhah,  John  M, 
A.  1873 
M.1877 

1900     Graburn,  N. 
A.  1876 
M.1898 

A.  1894 1  Grant,  John  ... 
M.189d) 

^- J^}  Granville.  W.  P.     . 

1871  Gravsb,  a.    . 
1873     Graves,  Jambs 

1872  *  Gray,  Matthew 
1900     Gray,  Professor  A.,  F.R.S. 


6,  Loma  Road,  Hove,  Brighton. 
88,  Renfield  Street,  Glasgow,  N.B. 
78,  Woodland  Terrace,  Charlton,  S.B. 

Inspector   of   Gtovemment    Telegcipk 
Cape  Town,  S.A. 

36,  Oakfield  Road,  Stroud  Green,  N. 

14,  Priory  Street,  York. 

Anglo  -  American    Telegraph    Qom^l 

Valentia,  Ireland. 
Lessness  Park,  Abbey  Wood,  Kent. 
11,  The  University,  Glasgow,  N.B. 

A.  1874  I  §GRAY,  ROBERT  KAYE  .    106,  Cannon  Street,  London.  E.C. 
M.  1877  i      ( Vice-President) 

1890  §Gray,  William  E.    .  •    Silvertown,  E. 

A.  1884  )  Greenhill,  J.  H.      .  .    "  Oaklands,"  Westwood    Road.  Sontfc- 

M.  1891  )  ampton. 
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1892 

1889 
.1893 

1882 
.1883 

1881 
.1896 

.  1888 
.1897 
.  1873 
.1891 
1872 

.  1894 
.1898 


Grdcshaw,  Conway  Osborne    Electrio  Supply  Station,  Eodeston  Plaoe, 

S.W. 

y  GitncsHAw,  James  Wajlteb  .    Australian  Club,  Sjdney,  N.S.W. 

\ 


Gbindia,  Gbobqe  a. 


}  Grippeb,  Francis  E. 

[  Grove,  Charles  E.  . 

[  Groves,  W.    . 
§GnENZBL,  Ernst 


Addiflcombe,  Prestwioh,  Lanoaahire. 

Edmundson's  Electricity  Corporation, 
Ltd.,  Broad  Sanctuary  Chambers, 
S.W. 

Thames  Iron  Works,  Blaokwall,  S.E. 


89,  Bolsover  Street,  W. 

Chief  Engineer,  Indo-Europ 


lef  Engineer,  Indo-European  T 
graph  Company,  Odessa,  Russia. 


Tele- 


)  GwYTHBR  Cecil  WuiBBBFORCE  National  Telephone  Co.,  1,  CoUege  Street, 
)  Dublin. 


1900     Haddow,  William  Martin. 

^\«n/»  I  SHadpibld,  Fred.  H. 
M« Io9o  ) 

A.  1886  }  Habs,  Oswald 
M.1890( 

1888     Hall,  Charles 
1891     Hall,  C.J.    . 


N.8.   ) 

.1900) 


Hall,  Joseph  Platt 


40,  Claremont  Street,  Glasgow,  N.B. 
Durban,  Natal. 

Care  of  the  Brush  Electrical  Engineering 
Co.,  66,  Margaret  Street,  Wynward 
Square,  Sydney,  N.S.W. 

Bedhill,  Surrey. 

Care  of  Messrs.  J.  Fowler  &  Co.,  Leeds. 

Gorsebank,  Oldham,  Manchester. 


A.  1873  )  Hamilton,  Frederic  Adam,  Halifax,  Nova  Scotia, 
u.  1886  )      M.  Can.  Soc.  C.E. 

1897     Hammond,  C.  P.        .  .  69.  Durham  Road,  East  Finchley,  N. 

A.  1888 1  §HAMMOND,  ROBERT      .  64,  Victoria  Street,  Westminster,  S.W. 
M.  1893  S      (Member  of  Council) 

A.  1873  1  •Hancock,  Walter  .  .  10,  Upper  Chadwell  Street,  Myddleton 

M.  1876  >  Square,  E.C. 

A.  1884  )  HANCOCK,   WILLIAM  J.,  Government  Electrician  and  Electrical 
M.  1889  )         (Local  Hon.  Sec.  and  Engineer,  Perth,  Western  Australia. 

Treasurer  for  Western  Australia) 

^'  -«xv«  \  Handcock,  Henry  William  1,  Victoria  Street,  Westminster,  S.W. 
M.  1893  ) 

1896     Hardaker,  Thomas  Topham  Government     Telegraph     Department, 

Pietermaritzburg,  Natal. 

1889     Harris,  H.  Graham,  M.  Inst.  6,  Great  George  Street,  S.W. 
C.E. 
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^  jggg  i  Habbison,  Hadth  Thies      .  11,  Bessboroiigh  Stoeei,  S,W. 

A.  1881 1  iHabbmon,     Hugh     Erat,  28,  Sussex  Pl«»,  BGgent's  Pwk,  N.W. 
M.  1886  J      B.Sc..  B.A. 

1882   §Ha]|]ii80n,     Sir     Richabd,  Hawley  HiU,  Blackwater,  HantB. 
Major-Gen.,  K.G.B.,  G.M.G. 

1895     Habt,  Francis  Gboboe       .  Station  Bead,  Epping,  Bssex. 

M  1897  I  ^^^'  ^^^^  J06BFH  .  .  East  Indian  Railway,  Jaznalpur,  BengkL 

A.  1889) 

^^  >  IHawhsb,  CHABI.BS  C.,MJl.  87,  Conduit  Road,  Bedford. 


n. 


R.8.    ) 

^  jg^  V  HAwmra,  Tom  .    Peel  Works,  Silk  Street,  Salford. 

A  1886  ) 
'  j^^  V  Hawxatnk,  Wm.  C.  C.  .    9,  Queen  Street  Place,  E.G. 

>  Hat,  Aijbxd,  B.Sc.  .  .    University  GoUege,  Liverpool. 


A.  1887 
M.1900 

1872     Hatnss,  F.  T.  J.  .    Divisional   Telc^ph   Engineer,  Gtm^ 

Western  Railway,  Taunton. 

1898  SHsAB,  A.  P.  .  .    47,  Victoria  Street,  S.W. 

1887  §Hkapht,  McsoRAVB  .  .    19,  Lombard  Street,  E.G. 

1888  §Hraion,  Prof.  W.  H.,  H.A. .    University  Gollege,  Nottingham. 

A.  1872  f  §H£AVI8IDE,  A.  W.  .    7,  Grafton  Road,  Whitley,  Newcastle^- 

w  lOQf^     IChairmm^ Nmooasiie Local  Tyne. 

*■•  ^^^  I        SeeHom) 

1881     Hkdqbs,  KEUJVOWOKtH      .    1,  Emery  Hill  Street,  Ashley  Gardens, 

S.W. 
1898     Hmbkan,  Wm .  Edwin  Jamss    The  Northampton  Electric  Light  and 

Power  Gompany,  Northampton. 

'    ^^^  >  Hbskbth,  John  .    Pbstal  Telegraph  Department,  BrisbaDe- 

^  1891  !  §^*^'^^*"»  ^-  HoLOOMBB    .    "  Estoril,"  Rockhampton,  Queenslani 
1889     Hktb,  WnxiAM  £.    .  .    70,  Market  Street,  Manchester. 

.^  I2lHKTWOOD,CHA»tK8FBW>BBic  Gasilla  del  Gorreo  No.   16,  Valps»i«» 
^'ggf  Chili. 

A.  1873 )  •H1GOIN8,  Fbbdkbick  .    Exchange     Telegraph     Gompany,    17t 

M.  1877  )  Gomhill,  E.G. 

1893  HiOMAN,    Ormokd,    A.    M.    Ghief  Electrical  Engineer  and  Siipt.<^ 

Can.  Soc.  C.E.  Standards,  Inland  Revenue  Depsrt- 

ment,  Ottawa,  Ontario,  Canada. 

1894  Hnx,  CukUDK  William       .    25,  Queensdown  Road,  N.E. 

3^*6-  )  Hill,  Geobos  .    The    Grove,   Moss    Lane,    Asht<m-on- 

M.  1900  I  Mersey,  near  Manchester. 

1889  *HiPPiSLEY,  R.,  Major,  R.E. . 

1900     HiRD,  W.  B.,  B.A.    .  .    13,      Alhion      Gresoent,       DowsnluU. 

Glasgow. 

A.  1888  )  5HIRST.  HUGO  .    71,  Queen  Victoria  Street,  E.G. 

M.  189S  }      {Member  cf  Council) 
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1893     HOABE,  Abthub,  Assoc.  M.    Bombay. 
Inst.  G.E. 

1898  HOBART,  Henry  Metgalf    .    83,  Gannon  Street,  E.G. 

1872  HoBLTZEB,  C.  .  .     "  Craignethan  Lodge,"  St.  John's  Road, 

Blackheath,  S.E. 

1899  HoLDEN,  Fbank        .  .    83,  Gannon  Street,  E.G. 

A.  1882  I  HoLDEN,  H.  Gafel  L.,  Major    Royal  Arsenal,  Woolwich. 
M.  1888  J      R.A.,  P.R.S. 

1891  HoLLiNB,  Fbedebick  Thos.      "  Saltley,'*  10,    Forest    Drive,    Leyton- 

stone,  Essex. 

1888  Holmes,  A.  Bbomlet  .    36,  Princes  Avenue,  Liverpool. 

1892  §HoLMBS,      John      Henby,    Wellhurn,   Jesmond  Road,    Newcastle- 

M.  Inst.  G.E.  on-Tyne. 

1889  Holmes,  L.W.  .    17,  Soho  Square,  W. 

A.  1872  I  Hookey,  James  .  Postal  Telegraphs,  General  Post  Office, 
M.  1886  )  E.G. 

1873  Hoopeb,  J.  p.            .  .  Goventry  Park,  Streatham. 
1892     Hope-Jones,  Robebt  .  44,  Grove  Avenue,  Norwich. 

f  •§H0PKIN80N,EDWARD,    Oakleigh,  Timperley,  Gheshire. 
1883  <      D.Sc.    {Chairman,    Man- 
(        Chester  Local  Section) 

1876  Houghton,  E.  .    London,  Brighton  and  South  Goast  Rail- 

way Company,  London  Bridge,  S.E. 

1890  HonsMAN,  R.  H.        .  .    Gare  of    Messrs.    Kynoch,    Ltd.,    Lion 

Works,  Witton,  Birmingham. 

1877  Houtum-Sghindleb,  General    Gare    of    Imperial    Bank     of    Persia, 

Albebt  Teheran. 

1896     HowABD,  Albebt  Habbib    .    "  Dartmouth  House,"  2,  Queen  Anne's 

Gate,  S.W. 

1900  HowABD,  Timothy    .  .    Post  and  Telegraph  Department,  Mel- 

bourne, Australia. 

1874  Howe,  J.        .  .    Brazilian    Submarine   Telegraph    Gom- 

pany,  Winchester  House,  E.G. 

1891  Hughes,  Edgab        .  .    Gare  of  Gharles   Hughes,   Esq.,  "The 

Gable,"    Singleton    Road,    Kersal, 
Manchester. 
/•  JSS )  Hume,  Geoboe  Hopwood    .    *'  The     Woodlands,"     Maryon     Road, 
iT'lWoJ  Gharlton,  S.E. 

1898  §Humphbey,HebbebtAlfbed    **  Winnington,"  Northwich,  Gheshire. 

1892  Hunteb,  Wm.  D.  .    Newcastle  and  District  Electric  Lighting 

Co.,  38,  Grainger  Street  West,  New- 
castle-on-Tyne. 
1891     HuBBELL,  Mabk  H.  .  .    14,  Hoydon's  Park  Road,  Wimbledon. 

1878  Hutchinson,  S.H.G.,  Assoc.    Gare    of    Messrs.     ECing,    King   &    Go., 

M.  Inst.  G.E.  Bombay. 


1891     Inbio,  a.  G.  . 

1896     Ibvinb,  Feabnside   .  .    Gape  Electric  Tramways,  56,  Bishopsgate 

Street  Within,  E.G. 
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A.  1895  )  §  Jackson,  Alfred  Hbnbick,    The  Electrical  Engineering  School,  358, 
M.  1898  J      B.Sc,  P.O.S.  ^  ""      ~ 

A.  1889  I 


Collins  Street,  Melbourne. 
San  Agustin,  8,  Dup^,  Madrid. 


Telegraph  Superintendent,  Lancashire 
and  Yorkshire  Railway,  Horwich, 
near  Bolton. 

Principal  of  the  Arts  College,  Karachi. 
India. 

64,  Bankside,  S.E. 

4,    Framlington    Place,   Newcastle-oin- 

Tyne. 
16,  Victoria  Street,  Westminster,  S.W. 

EUesdene,  Beaoonsfield  Road,  West- 
combe  Park,  S.E. 

Indian  Government  Telegraphs,  Lock- 
now. 


M  1892 1  ^^^^^^^  Edmund  P. 

A.  1886 1  Jackson,  Hbnby 
1C.1890) 

1885     Jackson,  Dr.  M.  JT.,  M.A. 

1899  Jackson,  P.  H. 
A.  1889  )  Jackson,  Robkbt  Catlky 
u.  1892  ) 

1900  Jacob,  Edwin  S. 
A.  1876 1  Jacob,  Fbank 
M.  1877  J 

A.  1879  )  Jambs,  Chablks  S.    . 
M.188d) 

A.  1873  1  Jamieson,  Professor  Andbew,    16,  Bosslyn  Terrace,  Kelvinside,  Gh*- 
M.  1876  S     M.  Inst.  C.E.,  P.R.S.E.  gow. 

A.  1874  I  Jbffbby,  Jambs         .  .    Spanish  National  Submarine  Telegrspli 

M.  1886  >  Co.,  106,  Cannon  Street,  E.C. 

A  1S89  1 

r  Jenkin,  Bebnabd  Maxwbu:.    64,  Bedford  Gardens,  Campden  Hill.  W. 

M. loUo  3 

A  1872 1 

-lorrrr  r  J^^KiN,  JoHN  .  .    Postal  Telegraphs,  Cambridge. 

M.  lo77  } 

A.  1879)  jBjBvis-SMiTH,TheRev.F.  J.,    Millard     Lecturer     in     ExperimenUi 
M.1891)      M.A.,  F.R.S.  Mechanics,    Trinity    College,    Ox- 

ford. 

A.  1884  )  Joachim,  C.    . 
M.1889) 

A.  1892 1  Johnson,  Gboboe,  A.M.  Inst.    Messrs.  Johnson  &  Fletcher,  Williams 
m.  1898)      M.E.  Buildings,  7th  Avenue,  Bulavnjo, 

S.  Africa. 
1876  §JoHNBON,  Walteb  C. 


Inspector  of  Posts  and  Telegraphs,  Port 
Louis,  Mauritius. 


The  Dignaries,  Westcombe  Park,  Black, 
heath,  S.E. 


>  Johnston,  Chables  Mobison    Electricity  Works,  Shrewsbury. 


A.  1896 
M.1898 

A.  1873)  Jones,  J.  CD. 
M.  1876  J 

A.  1887  )  Jones,  Robebt  Clay 

M.  1898  ) 

A.  1886  )  Joyce,  Samuel 

M.1898f 

A.  1876 1  juDD,  Walteb 

M.  1877  ) 


Eastern  Extension  Telegraph  Company, 
Singapore. 

Moss    Bank,    George  Street,  Dunedin, 
New  Zealand. 

"Femhohn,"  Barrington  Road,  Altrioe- 
ham. 

Eastern  Extension  Telegraph  Company, 
60,  Old  Broad  Street,  E.C. 
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A. 
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A. 
M. 

A. 
M. 
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.877  \  •Kapp,    Gisbert,    M.  Inst.    16,  Ulmenallee,  Westend,  Berlin. 
"3  S      C.E. 

^^"^  \  Keelby,  D.  H.  .  .    Gk)vemment  Telegraph  Service,  Ottawa, 

890  >  Canada. 

878     Keith,  Geoboe,  C.E.  .    The    Cuba    Submarine  Telegraph    Co., 

58,  Old  Broad  Street,  E.C. 
894     Keith,  Nathaniel  Shepabd 

S72  )  •Kbmpe,  H.  R.,  Assoc.  M.    Postal  Telegraphs,  General  Post  Office, 

878  f     Inst.  C.E.  E.C. 

897  §Kbmp8TBr,      John     West-    1,  Shakespeare  Road,  Bedford. 

BEEOH 

899     KRNmsDY.CAPr.  John  Nassau 
Chambebs,  R.E. 

890  •Kennedy,  Prop.  A.  B.  W.,    17,  Victoria  Street,  Westminster,  S.W. 
M.  Inst.  C.E.i  P.R.S. 

^^  \  §Kbnnelly,  a.  E.      .  .    Crozer  Buildings,  1420,  Chestnut  Street, 

894  >  Philadelphia.  Pa.,  U.S.A. 

889     Kenyon,  E.  A.  .  .    Indian  Government  Telegraphs,  Bombay. 

^^  )  KiDD,  J.  C.     .  .  .    Indian  Government  Telegraphs,  Alipur, 

.899 )  Calcutta. 

^  \  Kibbzkowski-Steuart,  C.  P. 
886 >      DE 

887  ) 

1^  KiLOOUR,  Martin  H.  .    Municipal  Offices,  Cheltenham. 

891  Kingsbury,  H.  H.    .  .    64,  Margaret  Street,  Sydney,  N.S.W. 

887  )  KINGSBURY,  JOHN  ED-    171,  Queen  Victoria  Street,  E.C. 

898  J    WABJ)  (Member  of  Council) 

I  §KINGSFORD,  H.    .            .  Engineer  to  the  Mexican  and  Central 

876         (Local  Hon,  Sec.  and  Trea^  and    South    American    Telegraphs, 

g35 '          87irer  for  Mexico  and  Lima,  Peru. 

(         Peru) 

879  >  KiNQSLAND,  William  .    8,  Bream's  Buildings,  Chancery  Lane, 

896  J  E.C. 

897  ^ 
'  ^  §KNiaHT,  Johk  DouGiiAS      .    Ealing  Electricity  Works,  Ealing,  W. 

f?t  I  KoLLE,  H.  W.  .  .    Egremont  House,  Tulse  Hill,  S.W. 

,896  } 

882  f  KRAUSE,  R.  HOWARD     .    1,  Ebendorferstrasse,  No.  10,  Vienna. 
r.  \      (Local  Hon,  Sec,  and  Trea- 
t         surer  for  Atistro-Hungary) 


A.  1888  )  Lacey    Ernest    Matthew,    2,  Queen  Anne*8  Gate,  S.W. 
M.  1898  >      M.  Inst.  C.E. 

1900     Lackie,  Wm.  Walter  .    76,  Waterloo  Street,  Glasgow,  N.B. 

A.  1887  )  _  TV    rr    Tur 

M.1898}^^^''^-^-^'         • 


Digitized  by  LjOOQ  IC 


34  MEMBERS. 

A.  1878  ^ 

M  1877  \  ^'^^■^»  James  .  G,  Denver  Boad,  Amhurst  Park,  N. 

A   1882  ) 

M  1890  \  *^^^^*  ^'  ^'*  ^•^•'  C.M.G.   .  General  Post  Office,  E.G. 

A.  1886  )  §Lanca8Ter,  E.  W.    .  " ,  "  Mascot,"  Sidney  Road,  St.  Margaret's, 

M.  1890  )  S.W. 

1884     Lane,  D.  W.  .  .6,  Bedford  Street,  Southsea,  Hants. 

1878     Lane,  J.  H.    .  .  Clarence  House,  Granville  Road,  East- 

bourne. 

1872     LANGDON,  WILLIAM  E.  *•  Glenalmond."  16,  Cavendish  Crescent, 

(Vice-President)  The  Park,  Nottingham. 

1877   §Larkin,  Thomas  J.    .  .  Yamato    Villa,     Broadhurst    Gardens, 

Pinchley  Road,  N.W. 

1896     Larkins,  A.  B.  .  .  Indian  Government  Telegraphs,  Calcutta. 

1872     Laucksrt,  Edward  .  .  63,  Maryon  Road,  New  Charlton,  S.E. 

1881     Laughlin,  Robert  C.  .  Gortin,    near    Newtown    Stewart,   C«. 

Tyrone,  Ireland. 

N  8     ) 

M  1900  f  ^^^^^»  William     .  .  Hollinwood. 

A.  1886  )  LAWSON,  A.  J.        .  .  Artillery  Mansions,  Victoria  Street,  S.W. 

M.  1894  )      (Member  of  Council) 

A.  1884  >  Ljja^  Henry,  M.  Inst.  C.E.,  38,  Rennets  Hill,  Birmingham. 
M.  1893  )      M.  I.  Mech.  E. 

1898   §Leagh,  H.  Louis      .  .  28,  Leigham  Court  Rd.  West,  Streatfaam 

A.  1873  (  LEMON,  C,  Ph.D.  .  Warenga  Road,  Otaki,  Manawatu,  New 

„  iQfjK\      (Local  Hon.  Sec,  and  Trea-  Zealand. 

^'^^*^  I  surer/or  New  Zealand) 

A.  1877  )  Leonard,  W.  .  .  South-Eastem  Railway  Company  Tele- 

M.  1884  )  graph  Department,  Tunbridge. 

A.1883)  Lewis,  H.  P.W.        .  .  "Redlands,"      48,      Sydenham     Road, 

M.  1886  >  Croydon. 

A.  1884  f  Lewis,      Joseph      Slater,  »*  Norwood,"  Ellesmere  Park,  Eocles. 


L  1884  f  Lewis,      Joseph 
*  18981       F.R.S.E.,  A.M. 


M. ifta«  1       r.---' "•-•  I«8'-  C.E.. 

1896     Linde,  Albert  de,  Assoc.  M.  Electrical  Engineer,  Shanghai,  China. 
Inst.  C.E. 

lom  I  LiNDLEY,  Herbert  .  .  Damplington  Croft,  Barton-on-Irwell. 

AM  iw9  I  LiNDOP,  Vernon        .  .  River  Plate  Electric  Light  and  Traction 

if. '  1900  )  Co.,  Casilla,  931,  Buenos  Ayre& 

A.  1883  )  Lloyd,  R.  S.  .  .  Care  of  Messrs.  Hayward,  Tyler  A  Co., 

M.  1894  >  90  &  92,  Whitocross  Street,  E.G. 

1889     Lodge,  Professor  0.,  F.R.S.  The  University,  Birmingham. 

1871  'Loeppler,  Louis       .  .  *•  The    Abbey,"    Campden    HiU   Rotd, 

Kensington,  W. 

1879     LoRRAiN,  James  Grieve       .  Norfolk  House,  Norfolk  Street,  Strand 

W.C. 

1894     LowcocK,  George  William  78,  King  Street,  Manchester. 

1872  LUKE,  P.  v.,  CLE.  .  Oriental  Club,  Hanover  Square,  W. 

(Member  of  Council) 
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i  LuNDBEBO,  Andreas  Peter     248,  Wightman  Road,  Homsey,  N. 


A.  1894 

1C.1898 

A.  1884  I  LuMLEY,  Frank 

V. 1891 ) 

A.  1874  ^  LuNDY,  Charles 

M. 1876  ) 

1898  §Lyon,  Harold  Thomson 


General  Superintendent,  Chili  Telephone 
Co.,  Casilla  18  D,  Santiago,  Chili. 

Direct  United  States  Cable  Company, 

Halifax,  Nova  Scotia. 
67,  Onslow  Square,  S.W. 


^'  l^  I  McCowen,  Victor  A.  H.      . 

(  Macdonald,  The   Rt.   Hon. 
A.  1882        J.   H.   A.,     C.B.,     LL.D., 
M.1886'       F.R.S.S.   (L  &  E.).   Lord 
Justice-Clerk  of  Scotland. 

1874  McEvoy,  Capt.  C.  A. 
A.  1989 1  Macfee,  John. 

x.  1898  5 

1875  McGregor,  William 

1900     Macintyrb,     John,     M.B., 

M.Ch.,  F.R.S.E. 
1891     Mackie,  M.  W.  W.    . 

1876  Maclean,  F.  G 
A.  1892 
M. 1894 

1899     Maclean,  Professor  Magnus, 
D.So.,P.R.S.E.      . 
A.  1889 
M.1896 
A.  1885 
M.  1898 

1891     Macrory,  Edmund,  Q.C. 

M.  1883  \  ^cWhirter,  W. 

A.  1881 )  Madgen,  W.  L. 
M.  1890  ) 

1871   'Malcolm,  E.    D. 
C.B.,  R.E. 


'  >  McLean,  James  Hardie 

} 

,  I  McMahon,  p.  V. 

I  >  McMULLEN,  J.  A. 


Central  Station,  Chapel  Lane,  Belfast. 
15,  Abercromby  Place,  Edinburgh. 


69,  Victoria  Street,  Westminster,  S.W. 

Corporation-  Telephone  Department, 
Renfield  Street,  Glasgow. 

**  Kohima,"  Richmond  Park,  Bourne- 
mouth. 

179,  Bath  Street,  Glasgow,  N.B. 

Turk's  Head  Yard,  TummiU  Street,  E.C. 
Indian  Government  Telegraph3,Calcutta. 

Ivy  Lawn,  Woodstock  Road,  Oxford. 

Technical    College,    88,    Bath    Street, 
Glasgow. 

195,  Clapham  Road,  Stockwell,  S.W. 

'*  The  BiUett,"  Homchurch,  Essex. 
19,  Pembridge  Square,  W. 
214,  Holm  Street,  Glasgow. 

Surrey  House,  Victoria  Embankment, 
W.C. 


*  w  iflTQ  ( SMANCE,  Sir  HENRY  C 
.!!«]     CLE.,  M.  Inst.  C.E. 
M.1877|         [Past  President) 

1889   'Manville,  E. 

1898    §MaRGONI,  GUGLIELMO 

^'  Jo^  \  Martin,  Charles  Picton 

M.  1898  y 


Colonel,     **  Ach-na-Mara,"  Bellanoch,  Loch  Gilp- 
head,  Argyll. 
82,  Earl's  Court  Square,  S.W. 


29,  Great  George  Street,  S.W. 
The    Haven  Hotel,    Sandbanks,  Poole 
Dorset. 

66,  Victoria  Street,  S.W. 
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F.M.  1889  )  §MASCART,  E.,  Membre  de    176.  Rue  de  PUnivereitfi,  Paris. 
M.  1900  )      rinstitut  ( Vice-PresiderUi 

A.  1871  ) 

1884  \  8^^^^^^»  W.  H.,  M.  Inat.  C.E.    Twyford,  Berkshire. 

A.  1881  ) 
'  iflAA  i  ^^^^i^^B»  ^-  M.  S.   .  »    Deputy  Gommia8ioner,Ruigoon,BanDah. 

^•8-  X  Matthews.  Robbbt  .  .    Parrs  House.  Heaton-Mersey.  near  Man- 
ic. 1900 )  Chester. 
A.  1888  )  ^,            ^    „ 
M.1890i^^^^«'^-^- 

1890     Mayor.  H.  A.  .  .    47.    King     Street,     Bridgeton    Cross. 

Glasgow.  N.B. 

1890     Mayor.  Sam   .  .  .37,  Bumbank  Gardens,  Glasgow. 

1898     Maxim.  Hiram  Steyens  .    28,  Victoria  Street,  S.W. 

A.  1886 )  Maycock,  W.  Pebren  .    "  Milber,"     Stafford     Road,     Waddoo, 

m.  1891  J  Surrey. 

A.  1894  I  §Meare8.  John  W..  P.R.A.S.    Electrical  Engineer  to  the  Govemnieot 
M.  1898  )  of  Bengal,  Writers  Buildings,  Ctl- 

cutta. 
1878     Meddingb.  W.  G.      .  .    Inspector  of  Telegraphs,  Nelson,  New 

Zealand. 
A.  1892  )  §Medhur8t,  Francis  Hast-    13,  Victoria  Street,  S.W. 

M.  1894  )        INQS 

1874     Melhuish,  W.  F.      .  .    Care  of  Messrs.  W.  Watson  A  Co..  7, 

Waterloo  Place.  Pall  Mall,  S.W. 
A.  1890  )  Metzgeb.  G.  F.         .  .     Bath  Electric  Lighting  Co.,  Dorchwtff 

M.  1897  )  Street.  Bath. 

A.  1891 1  Miller,  T.  L.  .  .    7,  Tower  Buildings  N.,  Wat«r  Street. 

M.  1893  }  Liverpool. 

A.  1890  )  •§ Miller,  Herbert  Wood-    Electric     Light     Works,     Kensington 
M.  1899  )      viLLE  Court,  W. 

A.  1886)  §MiLL8^A.E.,M.A.,M.Phys.S.    140.    Stapleton     Hall     Road,     Strood 
M.  1887  >  Green,  N. 

A  1888  ) 

1QOO  r  Mitchell,Herbbrt  Edward    13,  Victoria  Street,  S.W. 

M.  Io9o  } 

1872     Mittelhauben,  Julius         .    19,  St.  John's  Park,  Blackheath,  S.E. 
1896     Mockridge.Geobge  Robert    Western  Union  Telegraph  Co.,  Penxanoe. 

A.  1878  )  Moll.  F.  H.  L.  R.     .  .     Hardwick  HaU,  Hardwick,  Cambridge- 

M.  1877  )  shire. 

1900     Molloy,    The    Right  ReY.    86.  Stephen's  Green,  Dublin. 
Monsignor  G.,  D.Sc. 

'I  •Money-Kent,  J.  M.  V.        .    Lime  Tree  House,  Twickenham. 

M. lo9o  I 

^"  IfS  \  MoNSON.  Philip  .    Town  Hall,  High  Street,  Kensington,  W. 

M. 1897  } 

1882     Moors,  Henry  .    Chief    Secretary's     Office,    Melhonme, 

Victoria,  Australia. 

A.  1883  )  'IMORDEY,  W.  M.  .  .    82,  Victoria  Street,  S.W. 

M.  1889  >      {Mefnber  of  Coundlj 
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A. 


1872  )  MoRBisoN,  G.  J.,  C.E. 

1884) 

1897     Moss,  James  . 


.    Jdessrs.  Morrison  &  Grattan,  16,   The 

Bund,  Shanghai. 
.    Town  Hall,  Eccles,  Lancashire. 


1877  )  •MouLTON,     J.     Pletchbb,    11,  King's  Bench  Walk,  Temple,  E.G. 
'™>      Q.C.,  P.R.S. 


.1881 


A. 
M. 
A. 
M. 

A. 


1892  ) 

1898  f  ^^^^""^^^t  Arthur  Barnes  .    St.  Andrew's  Road,  Huddersfield. 


1888  )  Mountain,  W.  C. 
1899) 


•    c/o  Messrs.  Ernest  Scott  &  Co.,  Close 
Works,  Newoastle-on-Tyne. 

1881 1  §MuDFOBD,  Francis  John     .    Arrow  Electric  Works,  Jackson  Road, 
1891  )  HoUoway,  N. 

1871  )  •MuTBHKAD,        Alexander,    The  Lodge,  Shortlands,  Kent. 
1879  >      D.Sc,  F.C.S. 

.    Messrs.   Anderson  &  Munro,  Glasgow, 
N.B. 


1890     Munro,  J.  M.  M. 
1891 ; 


1899  [  ^^^**^»  Hector  Douglas 

1886  )  MuRFHT,  Walter  John 

1899) 

1880     Murray,  K.  L. 

1891     MiTRRAY,  Lee  L. 


10,  Velwell  Villas,  St.  David's,  Exeter. 

Eastern  Telegraph  Co.,  60,  Old  Broad 

Street,  E.G. 
Victorian  Railways,  Melhoume,  Victoria, 

Australia. 
16,  O'Connell  Street,  Sydney,  New  South 

Wales. 


1894  )  Murray,  Thomas  Blackwood,  Heaviside,  Biggar,  N.B. 
.  1898  >      B.Sc. 

1898     Murray,Ethelbert  Thomas  Puhlic  Offices,  Dyne  Road,  Kilbum,  N.W. 

RUTHVEN 


1872     Naolo,  Emil 

s}-— '■«•  • 

A.  1872  )  Neale,  John  . 

M.1877> 

A.  1893  )  Neale,  John  Edward 

M.1897) 

A.  1889  )  Nelson,  Peter  J. 
M.1899) 

A.    1805) 

A.M.  1899  y  Newton,  Joseph  Allison 

M.   1900) 
A.  1888  }  NiBLETT,  J.  T. 

M.1S98> 

A.  1883  Kt  «  •« 

M.1899  I  ^'°^°^^»^-^-       • 


.    Eichenstrasse  2,  Berlin,  S.O.  33. 
.    34,  Queen  Street,  Cheapside,  E.G. 

.    North     Staffordshire    Railway,    Stoke- 
upon-Trent. 

.    Telegraph       Superintendent's       Office, 

Great  Indian  Peninsular  Railway, 

BycuUa,  Bombay. 
.    Superintendent,  Posts   and   Telegraph, 

Taiping,  Perak,  Straits  Settlements 

{via  Penang). 

.    P.  O.  Box  278,  Melbourne,  Australia. 

.    16,   Coleraine  Road,  Westcombe  Park, 
Blackheath,  S.E. 

.     63  Victoria  Street,  S.W. 


Digitized  by  VjOOQ  IC  -^ 


A.  1890 )  ,^,  ^  „ 

M  1898  \  &^^^®^'"'»  Geobqe  Hinde 

1897     Norman,  Howard  Dudley 
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**  Ashfield,'*  Huyton,  Lancashire. 


M.  1900  C  No^THcoTE,  Charles  S.       .    57,  King  Street,  Manchester. 


A.  1876  I  NoswoRTHT,  William  P. 
M.  1876  J 


Western  and  Brazilian  Tel^grraph    Co^ 
Pemambuco. 


1897 

A.  1896 

M.1898 

1876 

1881 


O'Bryen,  a.  C. 

[  §0'GORMAN,  MeRVYN  J.  P.      . 

0*Kelly,  H.  M.,  B.A. 
§OLDHAM  JOHN 

(Local     Hon.     Sec,     and 
Treasurer  for  the   Argen- 
tine    and     Oriental     del 
Uruguay  Republics) 
A.  1891 )  §Olver,     Graham     Thomas 
M.  1899  )      Walters 
A.  1881 )  Orchiston,  Joseph    . 
M. 1896  > 

1897     Owen,  James  Loftus 


Grosvenor  Club,  Bond  Street,  W. 

21,  Embankment  Gardens,  Chelsea,  S.W. 

19,  Leeson  Park,  Dublin. 
Compania    Telegrafica    del    Rio    de    la 
Plata,  Monte  Video. 


Indian  Government   Telegraphs,    Fort, 
Bombay. 

Telegraph  Department,  Dunedin,  Nev 

Zealand. 
Care  of  the  British  Electric  Tractiaii 

Co.,     Donington    House,    Norfolk 

Street,  W.C. 


A  1883 ") 

M.  1688  S  ^^^^'  ^*^^^  ^'  ^"^^ 
1889     Palmer,  A.  L.  H. 
1898     Parker,  Mark 
1886     Parker,  Thomas 


A.  1897  i 


Parkinson,  Charles  Fredk. 


M.  1898 

1893     Parlett,  Gk)DFREY  Bernard 


1896     Parshall,  Horace  F. 
A.  1874  I  §Par80ne,  E.  W.      . 
M.  1881  ) 

1888     PARSONS,TheHon.C.A.,F.R.S. 
A.  1891 1  Partridge,  Gerald  W. 
M.  1896  ) 


36,  St.  George's  Square,  S.W. 

99,  The  Grove,  Ealing,  W. 
30,  Upper  Fant  Bead,  Maidstone. 
Manor     House,     Tettenhall,     WoItct- 
hampton. 

1S!9,  Euston  Road,  Morecambe. 

Care  of  Messrs.  Alfred  Dickinson  and 
Co.,  120,  Telephone  Buildings, 
Birmingham. 

8,  Princes  Street,  Bank,  E.C. 

Manager,  South    American    Cable  Co., 

106,  Cannon  Street,  E.C. 
Heaton  Works,  Newcastle-upon-Tyne. 

Engineer's  Office,  London  Electric 
Supply  Corporation,  25a,  Cookspur 
Street,  S.W. 
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1888  ) 

1891  1  S^^TCHBLL,  Wm.  Henry      .    12,  Maiden  Lane,  Covent  Garden,  W.C. 

1890  ) 

1896  i  ^^^^*  RoBEBT  William       .    44,  Hatton  Garden,  E.G. 

1899     Peikert,  Henby  Martin    . 

1876  §Pell,  Bennett 

1878   §PERRY.  PbopessobJOHN,    Royal.  College    of    Science    (London), 


M. 
A. 
Iff. 

A. 
M. 

M. 
A. 

K. 


M.E.,  D.Sc,  P.R.S. 
(President) 

N-fl-  \  Pbscatorb.  T.  L. 
1900) 

1889  )pBTO,  William 
1898) 

1900      PhIBBB,  J.  PULLAR     . 

18^  1  Phillips,  Charles  John 
1898) 


South  Kensington,  S.W. 

24,  Upper  Hamilton  Terrace,  N.W. 

1,  Clyde  Road,  West  Didsbury,  Man- 
chester. 

"  Glendennot,"  Cavendish  Road,  Sutton, 

Surrey. 
16,  Wool  Exchange,  E.G. 

National  Telephone  Co.,  Oxford  Court, 
Cannon,  Street,  E.C. 


^1^  >  PiCKSTONE,  Montague  Tabob    Tay  Works,  Leith,  N.B. 

1889)pioorr,     Robebt     Edward    Telegraph   Engineer,  Madras    Railway, 
1899 )       Pemberton  Arconam,  Madras,  India. 

1889     PiNHEY,  H.  T.  .    Lidian  Goyemment  Telegraph  Depart- 
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1878     Pitman,     C.     E.,     C.I.E.,    "  Hillside,"  Guildford,  Surrey. 
P.R.G.S. 

1889  ) 

f  Plucknett,  Allan    .  .    22,  Warmington  Road,  Heme  Hill,  S.E. 

1894  ) 

1897     PocHiN,  Edmund  A.  N.,  B.A.    "  Westbrooke,**  Chelmsford. 

1890 1 
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Eastern  Telegraph  Co.,  Malta. 

14,  Canton  Road,  Shanghai. 

Care  of  Messrs.  Bruce,  Peebles  &  Co., 
Edinburgh. 

Care    of   Messrs.  Grindlay  &    Co.,  55, 
~      •  '-       i,  S.W. 


[  Porte,  Arthur  E.    . 

•\QfJA    \ 
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1886) 
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1872       POSSMANN,  J. 


Parliament  Street. 
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Francisco,  U.S.A. 
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1897) 
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1898 

1872     Prbeob,     John     Richard,    H.B.M.  Consul,  Ispahan.  Persia 
C.M.G 


Street,       San 
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81,  Cornwall    Gardens,  Queen's    Gate, 

S.W. 
5,  Campden  Hill  Square,  London,  W. 

18,  Queen  Anne's  Gate,  S.W. 
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1871     PBEECE,  Sib  WILLIAM  H.,  Gothic  Lodge,  Wimbledon. 

K.C.B.,  F.B.S.,  Pres.  Inst. 

C.E.  (Past-Prendent) 
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•  West  Dulwich,  S.E. 

The  National  Telephone  Co.,  Limited. 

•  6a-69,  London  Wall,  E.G. 

Care  of  Messrs.  Wylie  and  Lockh»d, 
Ltd.,  45,  Buchanan  Street,  Glasgow. 
3,  Claremont  Grove,  Leeds. 

5,  The  Market,  South  Croydon. 

37,   Thorpe  Street,  Old  Trafford,  Man- 
chester. 

"  Southdown,"  The  Downs,  Wimbledon, 
.    S.W. 

G6^  Schubert  Road,  Putney,  S.W. 

"  Horton,"  Momington  Boad,  Woodforf 

Green. 
T^ie  Electric  Light  Station,  Back  of  the 

Walls,  Southampton. 

76^  Newgate  Street,  E.C. 

Messrs.  Christy  Brothers,  Chelmsford* 

26,  Archibald  Road,  Tufnell  Park,  K. 

1,  Rock  Park,  Barnstaple,  Devon. 
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A.    1898  )  Clabkb,  William  Barton 
A.M.  1899  ) 

A.    1896  )  Clabkb,  Wm.  Gay. 
A.M.  1900  ) 

A.    1896) 
A  M  1899  f  C^'^^'^EN,  Harold  William 

A.    1896  )  Clifford,  A. 
A.M.  1900  ) 

A.    1896  I  Clinton,  Wellesley 

A.M.  1899  )        CUBRAN 

-,0^^  i-  Clothier,  T.  Dawson, 
A.M.  1899  J 

ISOO    CoATB,  James 
A.    1898  I  Cole,  Philip  Henry 
A.M.  1899  ) 

1900  i  Co^i'™8,  George  Douglas 
1900    Cook,  A.  L. 


A.    1891) 
A.M.  1899  ) 


Cook,  William  Wilson     . 


A.    1898 1  Cooke,    Albert    Fother- 

A.M.  1899  )        GILL 

A.  1896  )  Cooke,  Walter  Henry  . 
A.M.  1899  S 

A.  1890  )  Cooke,  William  Cozens  . 
A.M.  1899  ) 

A.  1896  I  Cooper,  Arthur  Thomas  . 
A.M.  1899  ) 


Cooper,  John  Nealor 


.  A.   1890) 
A.M.  1899  ) 

(  §COOPER,        WILLIAM 
A.    18951       RANSON,  M.A.,  B.Sc. 
A.M.  1899  J       (AMociate    Member    of 
(       Council) 

A     1888  1 

'    ,  «/^  r  Copp,  Walter  Lewis,  Jun. 
A.M.  1899  ) 

A     1892 ) 

'    « ««^  r  CoRMAC,  Charles  Richabd 
A.M.  1899  ) 

A.   1898 1  Cobmack,  a.  Campbell 

A.M.  1899  ) 

A.    1896  )  Cornish,  Jamf.s  T. 
A.M.  1900  J 


E^ison-S^an  Electric  Light  Co.,  Ponder's 
End,  N. 

Great  Northern  and  City  Railway,  Poolo 
Street,  New  North  Road,  N. 

161,  Grange  Road  East,  Middlesbrough. 

Nottingham  Corporation  Electricity 
Department,  Talbot  Street,  Notting- 
ham. 

52,  Claremont  Road,  Highgate,  N. 


Electric  Light  Works,  Hull. 

"Talara,"  Katharine  Drive,  Govan,  N.B. 

270,  Devonshire  Road,  Honor  Oak  Park. 
S.E. 

4,  South  Vale  Terrace,  Blackheath,  S.E 

National  Telephone  Company,  St.  John 
Street,  Colchester. 

9,  Craigeme  Road,  Blackheath,  S.E. 

4;  Harefleld  Road,  Crouch  End,  N. 

"Hawthorn,"  Lawn  Road,  Portswood, 
Southampton. 

Edison-Swan  United  Electric  Light  Co., 
Ponder's  End,  N. 

Reading  Electric  Supply  Co.,  Limited, 
Vastern  Road,  Reading. 

158b,  Elgin  Avenue,  Maida  Vale,  W. 
"  Carisbrooke,"  Upper  Tulse  Hill,  S. W. 


14,  High  Street,  Cardiff. 

Town  Hall,  Launceston,  Tasmania. 

7,  Comely  Bank  Row,  Edinburgh. 

The  National  Boiler  and  General  Ma- 
chinery Insurance  Co.,  22,  St.  Ann's 
Square,  Manchester. 

Care  of  Cia  General  de  Electricidad  Calle 
Cuyo,  768,  Buenos  Ayres. 
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ASSOCIATE  MEMBERS. 


A.    1889  )  CoBNIBH,  V.  K.         • 
A.M.  1899  ) 

A.    1896  )  Cortkz-Leigh,  Fkbdebick 
A.M.  1899  3     Augustus 

A.     1896  1  COTTBELL,   WiLLIAM  BiCH. 

A.M.  1899  S     Thomas 
A.    1898) 
A  M  1899  f  Co^^^'^'TON,  Ralph  Henby 

A    J.898  ) 

lono  f  Oox-Walkeb,Edgab  Cooke 

A.M.  losTV  } 

A.   1896  I  |Cozen8-Habdy,     Ebnest 
A.M.  1899  )      Hebbebt 

1899     Cbaio,  Edwin  E.   . 

A^M.190o}^^^"°^*^*'--^^™       • 
A.    1893  (  Cbawfobd,  Abchibald 

A.M.  1899  (       AUiAN 

A.    1888  )_ 
A.M.1899r^'^^'^''^^ 

A.   1894  I  Gbockeb,  Ebnest 
A.M.  1899  ) 

A.   1897  1  Oboss,  William     . 
A.M.  1899  ) 

A.   1896  }  ^ 

icMio  f  Cbuise,  Edwabd  Gbbald  . 
A.M.  J.0V79  y 

A.    1897  )  Cummins,  Chableb  Philip 
A.M.  1899 )      C. 

lOAft  r  Cummins,  Chbibtopheb  J. 
A.M.  1899 )  ' 

A.    1898  >  - 

A.M.1899r^''™'^'''^''''     • 

A.    1895)^  ^   ^ 

A.M.i9oor^^™'^-^-    • 

A.   1895 1  Outlenbubg,    Cadwalla- 

A.M,  1899  )        DEB  MOBOAN  VaN 


5,   Osborne  Osrdens,  ToUingtoii  Road, 
Catford,  S.E. 

78,  King  Street,  Manchester. 


6,  GranviUe  Terrace,  Darlington. 
66,  Victoria  Street,  S.W. 

37,  New  King  Street,  Belfast. 
Electrical  Engineer,  Great  Yarmoiith. 
9,  Meadow  Street,  Bombay. 

12,  Queen  Anne's  Gate,  S.W. 

Care  of  The  Birmingham  Electric  Supfdr 
Co.,  Ltd.,  14,  Dale  End,  Birmingham 

Care  of  Messrs.  Faloonar,  Cross  &  Co., 
46,Cloth  Market,  Newcastle-on-Tyne. 

93,  Merrion  Square  West,  Dablin. 

Pembroke  Technical  School,  Ringsend. 
Dublin. 

12,  Ix>wer  Abbey  Street,  Dublin. 

"  Holmwood,''50,  West  HUl,  Higbgate,N. 


The  PubUo  Works  Department,  Pmai^, 
Straits  Settlements. 


1  % 

I  y  §Dallas,  James  Douglas  .    53,  Egerton  Gardens,  S. W. 


A.    1886] 
A.M.  1899  J 

A.    1894  )  Dane,  John  Edwabd 
A.M.  1899  3 

A.    1898 )  Dabkbb,  Alpbed  Henby  .    "Highleigh,"  49.  Tresillian    Road,  St. 
A.M.  1899  )  Johns,  S.E, 


Broken  Hill  Chambers,  Queen  Street, 
Melbourne. 
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A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


1900 }  ^^^'™^'  John 

1898  )  Davies,  William 
1899) 


1896] 
1899  1 


Davis,  Thomas 


6,  Ormsby  Street,  Beading. 

Engineering    Department,    Stock    Ex- 
ohange,  E.G. 

Guernsey  Railway  Co.,  Ltd.,  Guernsey. 
20,  Alexandra  Boad,  Hill,  Southampton. 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 

A.M. 


1900     Davy,      Cecil      William,  28,  Newgate  Street,  E.C. 

Capt.  B.E. 

1896  1  Da  WE,  Philip  Henby        .  Care  of  Messrs.  Kincaid,  Waller  &  Man- 
1899  3  viUe,  29,  Great  George  Street,  S.W. 

1888  I  Dj^y,  Abthub  Albebt        .  Corporation  Electric  Works,  Dickinson 

1899  )  Street,  Manchester. 

1898 )  x)e    Guebbieb,    Fbank  1,   Buckingham    Terrace,  Gorse   Lane, 

1899 )  Ebnest  Swansea. 
1894  1 

1900  \  ^^^^^^^^^f^^^^'^^^^^^^^^i  ^*  ^^^  Boad,  Aston,  Birmingham. 

1900    Denton,  Hebbebt  H.        •  Kensington  and  Knightsbridge  Electric 

Lighting      Co.,      Chapel      Place, 
.    .  Brompton  Boad,  S.W. 

1893 )  Dbw,  William  Elsdon     .  c/o  Mr.   W.   B.    Slack,    19,  Colonnade 

1899  3  Buildings,  Cape  Town. 

1894  I  Dick,  J.  B.,  B.Sc.  .  The  Beason  Manufacturing  Co.,  Ill  and 

1900  )  112,  Glosler  Boad,  Brighton. 

1900    Dickinson,  Edwabd  Win-  "  JSre,"  57,  Beckwith  Boad,  Heme  Hill, 
BAM  S.E. 

iftOQ  I  I^ickinbon,  William         .  Church  Acre  Works,  Guildford. 

1898 )  DncoN,  Athol  Wilson      .  Lnperial     Buildings,    Westgate    Boad, 

1899  3  Newcastle-on-Tyne. 

1900  Dixon,  Habold  L.  •  Engineer's  Office,  Guildhall,   London, 

E.C. 

1900    DoNOQHUE,  John  Edwabo.  2,   Montgomery  Mount,  Nether  Edge, 

Sheffield. 

1898  ) 

f  Donovan,  Waltek  •  89,  Clive  Street,  Calcutta. 

1896 1  DouDNEY,SiDNEY  PHILLIPS  Care  of  The  British  Insulated  Wire  Co., 

1899 )  ~         .   -  .  . 


1898  )  ^  „, 

f  Douglas,  William 

1898  I  DowNE,  B.  S. 
1900  J 

1899  Dbake,  Mebvyn  Geoboe 


Prescot,  Lancashire. 
11,  Picardy  Place,  Edinburgh. 

Care  of  A.  B.  Holmes,  Esq.,  15,  High- 
field  Street,  Liverpool. 
"Carlton,"     Auckland     Boad,     Upper 
Norwood. 


1891 

1900 

1898  )  Duncan,  W.  E.  D. 

1899) 


t  Dbummond,  B.  H.  T.  .     Minas  de  Panuco,  Monclova,  Mexico. 


Care  of  Messrs.  Laing,  Wharton  &  Down, 
82,  New  Bond  Street,  W. 
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1899     DuNTON,  Ernest  William    Ck)rporation  Electricity  Works,  Whife- 

haveli. 
A.    1898 )  ^  ,         „ 

A.M.  1899  )  ^^^^T'  Jo*™  Hbbbebt   .    "Ijytton,"  Brisbane,  QaeensUnd. 

1899     Dyer,  William  Alfred    .    Gracechurch  Buildings,  79},  Gnoechaxt^ 

Street,  E.G. 
A.    1897  )  ^ 
A.M  1899  }  ^^**0^^»  «^OHN  Draybon    .    84,  Glazbury  Road,  West  Kensington,  W 


1 1  Elmore,  Francis  E. 
V  Enriqht,  James,  B.Sc. 


1899  EcGLES,  Ernest  E. 

A.    1892  I  gEccLES,  Edward  Somer- 
a.m.  1899  J      SET 

A.    1878  V 
A.M.1899P^^^'^^^^^        • 

1 QQQ  f  Edgcumbe,  Kenelm 

A.M.  Ic5«7«7  y 

A.    1898  )  Edwards,  William  Row- 
A.M.  1899  )      land 

1900  Ellicott,  Ernest  Albert. 
A.    1893)^  ^' 

1000  i  E^^^^^'r»  ^-  James 

A,    1885 
A.M.  1899 

A.    1897 
A.M.  1899 

1900    Eustace,  Septon  G.  L. 

A.    1894  I  Evans,  Augustus  Treyer 
A.M.  1899  ) 

^•^'ono  I  EVANS.  C.J. 

A.M.  1899  ) 

1900    Evans,  Herbert  D. 

A.    1893  )  Evans,  William  Martin  . 
A.M.  1899  j 

^'    J???  I  Everett,  Edgar  I. 
A.M.  1899  3 

A.    1894 )  Everett,     Wilfred    H., 
A.M.  1899  )      B.E.,  B.A. 

A.    1886  )  EVERSHED,  SYDNEY  . 
A.M.  1899  f     {A880ci<Ue  Member  of 
Council) 


Fenton  House,  Lancaster. 

18,  Edith  Road,  West  Kensington,  W. 

"  Nithsdale,"  Wrexham. 

33,  Tedworth  Square,  Chelsea,  S.W. 
"Rosedale,"  Weybridge,  Surrey. 

25a,  Cockspur  Street,  S.W. 

58,  Leyspriug  Road,  Leytonstone,  £. 

Ladywood  House,  Roundhay,  Leeds. 

202,  Holland  Road,  Kensington,  W. 
4,  Fairlio  Place,  Calcutta. 

Corporation     Electric    Light     Stadoa, 
Torquay. 

108,  Castelnau,  Barnes,  S.W. 

Ordnance  Survey  Office,  Southampton. 

Electric    Light    Department,    Genenl 
Post  Office,  Melbourne,  AustraliA. 

Engineer-in-Chiefs  Office,  G.P.O.,  E.C. 

22,  Charterhouse  Square,  E^.C. 
University  College,  Nottingham. 

1,  Woodfield  Road,  Harrow  Road,  W. 
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A.   1894  )  Paber,  Svend  Aaqe 
A.M.  1899  ) 

A^M-Sl^^'^^^^'^^^       • 

A.    1890  )  Palkenstein,         Cokrad 

A.M.  1899  )        KRAUS8 

A.    1893  }  Farmer,  Henry     . 
A.M.  1899  ) 

1899     Farrow,  Alfred  E. 
1899     Feetham,  Mark     . 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


1898 
1899 
1898 
1899 
1894 
1899 
1898 
1899 
1891 
1899 
1894 
1899 
1895 
1899 


UDionEl6ktricitat8GeseU8chaft,Aaboule- 
vard  17',  Copenhagen. 

9,  Queen  Street  Place,  E.C. 

"  Homeleigh,"  Lanercost  Boad,  Tulse 
Hill  Park,  S.W. 

*'Honam,"  King's  HaU  Boad,  Kent 
House,  Beckenham,  Kent. 

The  Electric  Light  Works,  Windsor.  . 

Kensington  and  Knightsbridge  Electric 
Lighting  Co.,  Chapel  Place,  Bromp- 
ton  Road,  S.W. 

y  Pbntum-Phillips,  H.        .    Guildford  Electrical  Works,  Guildford. 


I  Fbrouson,  Rubbbll  For- 

)        BESTER 

[  Field,  James  Hbrmann    . 

)  Fitz-Hbrbbbt,      Arthur 
3      H.  F. 

)  Fletcher,  Randall 

3      Howard,  B.A. 

1  Fooks-Bale,  John  Hbnrt 
I  Ford,  Albert  Charles    . 


Pox.  Edmund  J. 


1QOO  f  Fowler,  Walter  Ernest 

A.M.  XcJiTa  3 

A.    1897  ( 
A.M.  1899  ( 

A.    1891 1  Potstbr,  Arthur  H. 
A.M.  1899  \ 

»-8-  )  France,  W.  M.    . 
A.M.  1900  J 

A.    1898  }  Francis,  0.  Francis 
A.M.  1899  3 

1900    Fbebland,  W.  J.  F. 


I  [  Fbebman,  John  George  . 


A.    1896  I 
A.M.  1900  I 

A.    1898  >  Fbbnch,  Abthub  Houle 
A.M.  1899  3 

A.    1895  I 


A.M.1899r^'^^"^« 


A.    1897 
A.M.  1899  j 


Fubnesb,  Chablbs 


32,  Marjorie  Grove,  Clapham  Common, 
S.W. 

14,  Victoria  Street,  S.W. 

6,  Gatcombe  Boad,  Tufnell  Park,  N. 

Essendene,  Jjlanishen,  Glamorganshire. 

Tramways  Department,  Town  Hallt 
Manchester. 

Care  of  Messrs.  The  Phcenix  Dynamo 
Manufacturing  Company,  Joseph 
Street  Works,  Bradford. 

"  Cathertun,"  East  Dulwich  Grove,  S.E. 

Wave  Cottage,  Chelmsford. 

Corporation  Electricity  Works,  Mac- 
donald  Road,  Edinburgh. 

Care  of  National  Telephone  Co.,  Oxford 
Court,  Cannon  Street,  E.C. 

The    Electricity    Works,    Pine    Grove, 

Bootle. 
Care  of  Messrs.  Crompton  ft  Co.,  Arc 

Works,  Chelmsford. 

26a,  Cockspur  Street,  S.W. 

The  Chelmsford  Electric  Light  Company, 
Chelmsford. 

Dalton  Hall,  Victoria  Park,  Manchester. 
83,  Lisflon  Grove,  Mtttley,  Plymouth. 
4 
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▲. 

A.M. 

A. 
A.M. 

A. 
A.M. 

A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


A. 
A.M. 


A. 

A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


896  1 

^  V  Gaobbt,  David  J.  .  .  12,  Cambridge  Road,  Hove,  Brigbtaa. 

^^ )  Galswobthy,    Montaqux  6,    Welbeck    Mansions,    35a,    W^beek 
899  J      H.  Street,  W. 

^^  \  Galsworthy,  Sydnsy  10,  Graven  Hill  Gardens,  TianraBter  Gate, 

)     Stuart  W. 

^•B.  I  Gabbutt,  Alfred  £.         .  28,     Burlington     Road,      Witbingtac 
".900 )  Lancashire. 

^^  1  Gardam,  J.  R.  Woodruffs  Care  of  Messrs.  Edge  A  Edge,  S50i,  Pitt 
899  )  Street,  Sydney,  N.S.W. 

^^  )  Garnett,  Hbnry  Joseph  .  "  Granmere,"  Ghase  Side,  Enfield,  Middfe- 

.899 )  sex. 

^ )  Gabratt,  Jambs  Hxrbebt  "  Edensor,"  12,  Grove  Place  Gardeni, 
)  3  Ghiswick,  W. 

^ )  Gabvey,  George  Bloom-  **  Thomvale,"   Moneygall,    King*s    Co^ 
.899  3      field  Ireland. 

.896) 

g^  V  Gaster,  LAon         .  .37,  Maida  Vale,  W. 

^3  I  Gawthorp,  Charles  "  Ulverleigh,"  38,  Clyde    Road,    Addis- 

)      Arthur  combe,  Croydon. 

899    Gee,     William     Wikbok  Garola  Villa,  Sale. 

Haldanb 

.899     Geipel,  Edward   .  .  Commercial  Terrace,  West  HartlepooL 

89®  \  Gibson,  S.  Cameron.         .  Electricity    Works,    Domsford    Road, 
.900 1  Wimbledon. 

.900    Gillespie,  M.  McA.  .  Westinghonse  Building,  Norfolk  Sireel, 

Strand,  W.G. 


.900 


>  GiUBEppi,  B.  A.  ,     **  Inglewood,"  Prescot,  Lancashire. 

[  Glover,  Frederic  Arthur    97,  Queen  Victoria  Street,  E.G. 


897 )  Goblin,  Ernest  T.            .  "St.     David's,"    Mount     Nod     Road, 

1)  Streatham,  S.W. 

893  ) 

J.  GowDY,  Samuel  H.           .  68,  Grey  Street,  Newcastle-on-Tyne. 
.899  3 

397 )  Gray,  Harold                    .  Electricity    Works,    Accrington,    Lan- 

.900  3  cashire. 

898  )  Graham,  Alfred  H.  Irvine  Castle    Crine,    Sixmilebridge,    County 
900  3  Clare,  Ireland. 

3^  )  Green,  Geoboe  William,  c/o  The  Brush  Electrical  Engineering 

899  3  Co.,  49,  Queen  Victoria  Street,  £.C. 

900  Greene,  F.  A<        .            .  98,  Canfield  Gardens,  Hampstead,  N.W. 

S9S  I  Groves,         Wellington  100,  Stanmore  Road,  Edgbaston,   Bir- 

899  3     Ernest  mingham. 

8  ) 
y  GuLicH,  Edward  Nicholas  11  and  12,  Great  Tower  Street,  E.C. 

.895 )  gunter,  EuBTAOB  Edward  Indian    Telegraph    Department,    Baa* 

9  )  goon,  Bunnah. 
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A.    1897  )  ^ 
A.M.  1899  3  ^^^^^N»  Herbebt  C.         .    *'  Somerville,"  Howth,  Ireland. 
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A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A., 
A.M. 

A. 
A.M. 

A. 
A.M. 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


ggg  J-  Hall,  Hebbert  Ellis 

898  ) 
>  Hall,  William  Henry    . 

.899    Hamilton,  David  Allan  . 

X  Hanbpobd,  Sam.     . 

893  I  Hanna,  Edward  Leader  . 

899  3 

®98  )  Hanning,  Frederick 

899  3      Shakebpere 

{Hansard,        Arnold 
Greaves,  B.A. 

898  )  Hanson,  A.  C. 
899) 

896  )  Harlinq,  William 

8^  )  Harper,  Herbert  Reah  . 

899  3 

899    Harris,  Wilprid  Meryon 

89fi  )  Harrison,  Francis 

899  3      Ortnbr 

'       y  Harrison,  Francis 
'^^  y  Harrison,  Frederick 
898 1  Hartnell,  Henry 

888  )  Haslam,  Arthur  Pirie 
899  3 

t  Hastings,  Harold 
I  Hattersley,  Arthur 


900! 
894) 
899  3 


Ha  WARD,  Frederick  N. 


3  )  Ha  WES,  George  William 
.899  3     Spencer 
893  )  §Hawkings,  Waiotbb 
899) 


13,  Park  Place,  Dry  Hill,  Tonbridge. 

"  Rockville,*'  St.  Edmond's  Road,  Beetle. 
4,  Forest  Place  Villas,  Leytonstone. 

14,  Ashlar  Mount,  Macclesfield. 

Manager,  Telegraph  Office,  Rockhamptoh, 
Queensland. 

Electric  Power  Station,  Chiselhurst. 

Helford,  Limpsfield,  Surrey. 

Electricity    Supply    Station,     Stirling, 
N.B. 

c/o  The  British  Electric  Traction  Co., 

Donington   House,  Norfolk  Street, 

W.C. 
The  Electric  Lighting  and  Traction  Co. 

of  Australia,  Broken  Hill  Chambers, 

Queen  Street,  Melbourne. 
10,  Cliff  Terrace,  Kendal. 
12,-Ranelagh  Road,  Harlesden. 

"  The  Elms,"  Kempston,  Beds. 
Lyric  Chambers,  Whitcomb  Street,  W. 

Engineer-in-Chief  8  Office,  G.P.O.,  Lon- 
don, E.C. 

83,  St.  Dunstan's  Road,  West  Kensing- 
ton, W. 

13,  Queen's  Road,  Beckenham,  Kent. 

17,  Meynell  Crescent,  South  Hackney. 

6,  Windsor  Road,  Ealing,  W. 
64,  Victoria  Street,  S.W. 

54,  Womington  Road,  North  Kensington, 
W. 
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A. 
A.M. 


A. 

A.M. 

A. 
A.M. 


HaT9C,Bichabd Hamilton    97,  Queen  VictoriA  Straet,  E.C. 


A. 
A.M. 

A 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A.  I 
A.M. 

A.M. 

A. 
A.M. 

A. 

A.M. 


B96) 
1899) 

1900     HSATH,  HCBBEBT  H.  £. 

^^  )  Heath,  Leopold  Wiixiam 
1899) 

897  ) 

'       >  SHeaviside,  Babil  Beix.  . 

1899    Hefwobth-Coixin8,W. 
.8971 


A. 
A.M. 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


^  1  HE8KSTH,  ChARUBS  FlBET- 

)     wood 


JJJ}  Hebron,  O.F. 

fHE8KSTH,CHAR] 
WOOD 

gog  V  Hesketh,  Thomas 

®^  )  SHewitbow,  Jobeph  Rek- 
.899 )     WICK 

896) 

gOQ  >  Heweb,  Frank 

888 


Care  of  De  Been  Omaoiidated  inna. 
(Workslu^),  Kimbexlej. 

CO  The  Gftlway  Electric  Co.,  Newtown- 
smith,  Galway. 

81,  Culmington  Road,  Ealing. 

c/o  26,  Goaplsnd  Street,  Oxfoid  Bni 
Manchester. 

14,  De  Vere  Gardens,  Kenshigton,  W. 

"The    Chestnuts,"    Hayward^s    Heatlu 

Sussex. 

"  Belvedere,**  CheritonRoad,  Folkestaoe. 
2,  Park  Villas,  Court  Road,  Eltham. 


Hewstt,  John  H.  G. 


5,  Budge  Row,  E.C. 

c/o  The  AUgemeine  Elektricitats-GeseU- 
schaft,  Schiffbauerdamm,  22,  Berlin. 

N.W. 

Ducie  Street,  London  Road,  Manchester 

101,    Goldhurst    Terrace    East,    South 
Hampstead,  N.W. 

-  Hibbinb,  William  Oeoboe    Stafford  House,  Nine  Tree  Hill,  BristoL 


8^8  )  Heyl,  Otto  Max  Constan- 

m  )        TINE 

^  I  Hbywood,  H.  W.  . 

"S^iHlBBEBT,   WaLTEB,   F.C.S. 

(99) 


N.8.  )  Hide,  Waltbb  James 
900) 

.900    HiQOiNB,  p.  Keb  . 

896  ) 

V  Hill,  Edmund  L.  B. 

899    Hill,  Edmund  Rowley    . 
.899    Hill,  Waltbb  James 

8^  I  Hoadley,  Edwabd  E. 
900) 

890  ) 

y  HoDGBB,  Herbert  Cecil  . 

897  ) 

^  y  Hodgson,  Arthur  J. 


Callender*s  Bitumen,  Telegraph,  and 
Waterproof  Company,  Limited. 
Oldham  Place,  Liverpool. 

527,  Lockerbie  Street,  Lidianapolis,  Ind., 
U.S.A. 

8,  Ashfield  Road,  Aigburth,  Liverpool. 

The  Bromley  (Kent)  Electric  Light  and 
Power  Co.,  West  Street,  Bromley. 

c/o  H.  A.  C.  Saunders,  Esq.,  Eastcnii 
Telegraph  Co.,  WinchesterHouse,E.C. 

Electricity  Works,  Lower  W*ick,  Wor- 
cester. 

80-42B,  Hampstead  Road,  N.W. 
19,  Hamlet  Road,  Chelmsford. 
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A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


A. 
A.M. 


A. 
A.M. 


A. 
A.M. 


y  Hodgson,  William  Thomab 

1896  )  HOLUNGTON,  A.  J. 

1900  f 

1893  I  HoLNEss,        Richard 
1899 )      Charles 

1899  J  ^°^^'^^''^-    • 

1899  HoLTBY,  Alfred  Charles 

1900  HoRLET,  George  . 
1900    HoRNE,  W.  J.  A.  E. 

1899    HoRSNAiLL,  Wm.  Owen 

1891 )  Howard,  Basil  Fbnwick  . 

1899) 

1899    HowiTT,  Felix  John 


1898  J  Hughes,  Richard  J. 

1899  I 

1900  Hughes,  Wm.  Walter     . 

• 
1899    Humphrey-Moore,    Mon- 
tagu George  Alfred 
1894  )  Huskisson,  William  Mar- 
1899 )      shall 


201,  Brixton  Hill,  S.W. 

Care  of  Messrs.  J.  D.  F.  Andrews  &  Co., 
87,  Walbrook,  E.C. 

8,  St.  Martin's  Road,  StockweU,  S.W. 
"  East  View,"  Dairy  House  Road,  Derby. 

11,  Milbank  Street,  Westminster,  S.W. 
The  South  African  College,  Cape  Town, 

South  Africa. 
Care  of  Messrs.  Crompton  A  Co.,  Arc 

Works,  Chelmsford. 
*'  Gottingham,'*       Cambridge        Road, 

Bromley,  Kent. 
Chief  Electrician,  Messrs.  P.  R.  Jackson 

and  Co.  Limited,  Salford    Rolling 

Mills,  Manchester. 

Commercial  Cable  Co.,  Fayal,  Azores. 

Westinghouse  Building,  Norfolk  Street, 

W.C. 
5,  Webster  Gardens,  Ealing,  W. 

45,  Cambridge  Gardens,  Notting  Hill,  W. 


A.    1896  )  Ikqoldby,  Thomas  91,  Church  Lane,  Charlton,  Kent. 
A.M.  1899  }      Edward 

A.    1896  I  Inqrj^m,  Edward  •*  Cintra,"  Bourne  Valley,  Bournemouth. 
A.M.  1899  )     Llewellyn 

A.    1888  )  Ibvine,  Hugh  Alexander  23,  Sugar  Street,  Eohota,  Niagara  Falls, 
A.M.  1899  >  N.Y. 

A     1883 ) 
'    ^ru^[  Irvine,  James  Meldrum  .    Fairfield  Road,  Inverness. 
A.M.  1899  ) 


1900    Jackson,  Gerald  H. 


The  Electric  Light  Station,  Northamp- 
ton. 


1900    Jacob,   Hugh   Frederick    14,  Old  Court  House  Street,  Calcutta. 
Dawson 


A.    1898 
A.M.  1899 


I  Jamieson,  Walter  ,    Orangefield,  Greenock^  N.B, 
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A.    1898 )  _      .      , 

A.    1898  )  Jehkinb,  Abthub  Ai^as 
A.M.  1899  ) 

^;;,S}j«Kn.80K.B«.Hou«8. 

A.    1896  )  -  _ 

A.M.igoor^^^^'^'^^- 

1899    Johnson,  Abthub  H. 


1899     Johnston,  WiuiiIam 

A.    1894  ^  Jonas,  Owbn  M.     . 
A.M.  1899  5 

A.  $1898  )  Jones,  Fbbdebick 
A.M.  1899  )      William  Edmund 

A.    1896  }  Jones,  Hbbbbbt  William 
A.M.  1899  ) 

A.M.r90o}^^^'^^""^^      • 
1899    Jones,  Walter  F. 

A.    1888] 
A.M.  1899  j 


^  Joseph,  Leonard  . 


66,  Bemen  Street,  W. 

All    Saints'    Glukmbers,     EQgh    Street, 
Bristol. 

82,  Downs  Park  Boad,  Hackney,  NX. 


Telegraph  Department,  London  ft  South 
Western  Bailway,  Waterloo  Siati<», 
S.E. 

The  Chili  Telephone  Co.,  Valparmiso, 
Chili. 

Borough  of  Dewsbozy  Electricity  De- 
partment, Bradfoid  Road,  Dewsboiy. 

17,  Claremont  Road,  Leamington. 

3,  Imperial  Mansions,  Bromells  Road, 
Glapham  Common. 

1,  Summerhill  Road,  Bristol. 

The  Electrical  Power  Transmission  Co., 
Albert  Works,  Hanmiersmith,  W. 

Mauritius  WaU  15  I.,  Cologne. 


A.  81886  ) 
A.M.  1900  ) 

A.  1896  I 
A.M.  1899  ) 

N.S.    ^ 
A.M.  1900  ) 

1900 

A.  1897) 
A.M.  1899  ) 

A.  1898) 
A.M.  1899  f 

A.  1891) 
A.M.  1899  ) 

A.  1887) 
A.M.  1899  f 


Keays,  Arthur  M. 

Keen,  H.  Edward 
Kellt,  a.  . 

Eemm,  William  A. 

Kenbit,   Hbnrt   Edward 
mordaunt 

Kerr,  Thomas  Archibald 

Kipping,  Percival  Philip 

Knioht,  Frederick 
William  Anthony 


*'Ro8eneath,"        Portsmouth       Road, 
Woolston,  Southampton. 

The  Avenue,  Cross,  Worcester. 

Prudential  Buildings,  86,  Dale  Street, 

Liverpool. 
Electricity  Works,  Canterbury. 
Westinghouse  Building,  Norfolk  Street, 

126,  Heathwood  Gardens,  Old  Charlton. 
Kent. 

3,  St.  Andrew's  Street,  Holbom  Circus, 
E.C. 

ss.  Norseman,  Western  and  Brazilian 
Telegraph  Co.,  Caixa,  117,  Pemam- 
buco. 


1900    Knox,      Lieut. 
Stuart,  R.E. 


George    Ordnance  Survey  Office,  Ennis. 


Digitized  by  LjOOQ  IC 


ASSOCIATE  MEMBEBS. 


66 


A. 

A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A.§ 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 

A.M. 

A. 

A.M. 


A.M. 

A. 
A.M. 


A. 
A.M. 


Q^)Lacby,  Fbbdbrigk 

899  J      William 

899    Laidleb,  Wm.  Grasswiok 

888] 

.899  1 


894) 


I  Lamb,  C.  G.,  B.Sc. 
Lamb,  Johit  Fabquhabson 
Lanb,  Wilmot  Ebnest 


895  I  Layton,  a.  B. 

>  X  Lba,  Fbank  B.,  B.A. 
.899) 

896  >  Lkake,  Hxnby  Gooke 
899) 

1^  I  Leakb,  Walteb    . 

.900    Lbegh,  Sydney  G. 

898  >  Lb  Fbuvbb,  Walteb  T. 

.900) 

900    Leslie,  Bbadfobo 

897  K     „  ^  ^ 
QQQ  >  Lb  Maistbb,  Ghableb  D. 

3  )  L'EsTBANGE,  Wm.  Mabde- 

899)       VILLE 

^jg  [  Levin,  Abthub  Evebabd  . 

894 )  Lewis,    Hbbbebt    David 
J )     William 

890  )  LiEBEBT,  Emile  Hebman  . 

^) 


Munioipal  Buildings,  Boumemouth 

56,  Ormonde  Street,  Sunderland. 
Engineering  Department,  Cambridge. 

Engineer-in-Ghief's  Office,  G.P.O.,  E.G. 

14,  Durley  Road,  Stamford  Hill,  N. 

Gare  of  Miss  Layton,  Kensington 
House,  Ghiswick,  W. 

The  British  Electric  Traction  Go., 
Limited,  45,  Renfield  Street,  Glas- 
gow,  N.B. 

Herts  Gounty  Asylum,  HiU  End,  St. 
Albans. 

61,  Victoria  Buildings,  Manchester. 

19,  Barton  Street,  West  Kensington,  W. 

Electric     Light     Department,    Urban 

District  Gouncil,  Bezhill. 
86,  Victoria  Street,  S.W. 

16,  St.  James'  Road,  Cambridge  Heath,  E. 

Gare  of  Messrs.  Barton  &  White, 
Edison  Lane,  Brisbane. 

804,  Amhurst  Road,  Stoke  Newington,  N. 

Prudential  Building,  St.  Mary  Street, 
Gardiff. 

c/o  Messrs.  J.  Holroyd  &  Go.,  Perse- 
verance Works,  Milnrow,  near  Roch- 
dale. 


896  ) 

'       >  LiNSELL,  Sidney  Edwabd    Martin's  Hall,  Stebbing,  Essex. 


897  )  LisTEB,  James  Fbabeb 
399) 

1^  V  LiTTLBBOY,  T.  G.   . 

897  }  Lloyd,  Thomas  Henby 

M 

.900  Lopdeix,  Ghableb 
900  Low,  Henby  R.  . 
899    Lund,  Richabd 

«  >  Lund,  William 


The  Lister  Electric  Light  and  Power 
Manufacturing  Go.,  Dursley,  Glou- 
cester. 

Pen-y-garth,  near  Wrexham. 

The     Anglo-American    Telegraph    Go., 

Brest,  France. 
Owen  House,  St.  Mark's  Place,  Torquay. 
Molteno  Road  Gardens,  Gape  Town. 
43,  Parkhurst  Road,  Holloway,  N. 

43,  Parkhurst  Road,  Holloway,  N . 
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A.     1894  )  LUNDBEBO,    GUCTAF 

A.M,  1899  3      Charles 


A.    1894] 
A.M.  1900 
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243,  Wigktman  Koad,  Hornsey,  N. 

1900    LuHH,  James  Robbbtb  P.    Electricily  Works,  1 


Lyell,  Johb  CuuiEMCE    .    56,  Victoria  Street,  S.\V. 


A. 

A.M. 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A.M. 

A. 
A.M. 


'  McBbaN)  John 


.898 

900 

900    McCaffeby,  James 

900    McCann,  Alfred  F. 

899    McCoRMicK,  Hugh 

®90  )  Macdonald,  Edward 
899  J  William  Johnstone 
895 


Bay  Cottage,  Fairfield,  Old  Charlton,  S.E. 
5,  Canon  Street,  Mayfair,  W. 
64,  Gloucester  Road,  Bootle,  LiverpooL 
17,  South  Street,  Manchester  Square,  W. 


Macdonald,  John  Ranald    St.  Aldate  Street,  Gloucester. 


888  )  Macdonbll,  Professor 
.899 )      Alexander,  B.A. 

894  )  McDouALL,  Alan  P. 
899) 

898  ) 

'       V  McGboch,  William,  Jun. 

^ )  McInnes,  Charles 

.899 )     Frederic 

.899    McKiNLAY,  Charles 

Thomas 

896  ) 

V  McLauchlan,  Simon  L.  F. 

900    Maclean,  John 

)  \  Madgen,Frederick  James 
899) 

895  )  Mahood,  Samuel  Arthur 
899) 


Civil     Engineering     College,     Sihpur, 
Howra^,  Beng&l. 

Notting  Hill  Electric  Light  Co.,  Bulmer 
Place,  Notting  Hill,  W. 

46,  Coventry  Road,  Birmingham. 
Haselhiirst  Road,  Worsley,  Manchester. 
79,  St.  George's  Road,  Leyton. 

16,  York  Road,  Edgbaston,  Birminghsm. 

19,  University  Avenue,  Glasgow,  N.B. 

National  Telephone  Co.,  Ltd.,  36,  Ship 
Street,  Brighton. 

"Aldwytholme,"    Elmers    End    Bosd. 
Anerley,  S.E. 


•  Malpab,  Arthur  Ernest  .    St.  James'  Gate  Brewery,  I>ublin. 


I  Manley,  John  William 
.899  ) 

.900    Mann,  John  James 

891 ; 

899] 

w.s.  )  Marr,  Alexander 

900  J 

888  j  iMarsh,  T.  E. 

899) 


^  [  Markby,  Walter  . 


181,  Wightman  Road,  Harringay,  N. 
Belsiase  Works,  Clayton,  Manchester. 
24,  Westhoume  Terrace  Road,  W. 

18,  Cawdor  Road,  Fallowfield,  Man- 
chester. 

The  India  Rubber,  Gutta  Percha  and 
Telegraph  Works  Co.,  1,  Fairlie 
Place,  Calcutta. 
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8961 


8QQ  [  ^^-^^TiN,  David 

5  Mathias,  F.  V.  L. 
900 1 
896) 
899  \  M-^^^c^*  William 

^^  1  Maxwell,  Hugh  Bernard 
899) 

'       y  May,  Joseph  Horsnell    . 

896  )  Mayes,  Arthur  Edward  . 

.899) 

.899    Mayne,  Arthur  James     . 

^  )  Mayson,  C.  M. 

^Q7  )  Mevdham,  William 

899 )     Phillips 

.894; 


180,  Loughborough  Road,  Brixton,  S.W. 
8,  Bumbank  Terrace,  Glasgow,  W. 

Windsor    Electrical    Installation    Co., 
Limited,  Peascod  Street,  Windsor. 

Tibshelf  Collieries,  Derbyshire. 

Electricity  Works,   Lower  Wick,  Wor- 
cester. 

Ill,  Nelson  Road,  Stroud  Green,  N. 

Electricity    Works,    Ventnor,    Isle    of 

Wight. 
The  Cottage,  Hale,  near  Farnham. 

Charing  Cross  &  Strand  Electric  Supply 
Co.,  15,  Maiden  Lane,  Strand,  W.C. 

Western  Electrical  Works,  Bristol. 


899 


-  Merger,  Ernest 


879  I  Miller,  Leslie  B. 

5 1  Mills,  F.  W. 
.899) 

I*  Mills,  Samuel  James  A. 

^^  )  MiTCHBLL,    Edward 
^ )      Albert 

®94  1  Mitchell,  Sydney  W. 
.899) 


899 
.896 


[  Moat,  William 

y  MoHRiNa,  Albert  E. 


894  )  MoiR,  Alexander  . 

899) 

892  i  mollbr,  gustavus 

899 )     Frederick 

899    Money,  Alfred  William 

^^  )  Money,  George  William 

.898  I  Mori88BT,Harold  Window 

900) 

896  )  §MoR»i8,  David  Kino 

899) 


Badlipur  P.O.,  Assam,  India. 

"  Atherstone,'*  High  Boad,  Loughton, 
Essex. 

The  Natal  Goyemment  Railway,  Dur- 
ban, Natal. 

Belgrave  Mills,  Darwen,  Lancashire. 

"  Annandale,"  66,  Thomlaw  Boad,  West 
Norwood. 

202,  Hagley  Boad,  Edgbaston,  Birming- 
hfiun. 

Johnson  HaU,  Eccleshall,  Staffordshire. 

34,  Colchester  Avenue,  Little  Ilford,  E. 

Engineers'  Department,  Postal  Tele- 
graphs, Newcastle-on-Tyne. 

c/o  The  British  Thomson-Houston  Co., 
Ahna  Street,  Sheffield. 

24,  Bavenscouzt  Gardens,  Hammer- 
smith, W. 

2,  Avondale  Terrace,  Coatsworth  Road, 

Gateshead-on-Tyne. 
8,    St.  Martin's  Place,  Charing   Cross, 
W.C. 

6,  Holly  Road,  Edgbaston,  Birming- 
ham. 
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A.    1894 
A.M.  1899 


t  §MoaRi8,  JoHiv  Turner    .    18,  Somen  Place,  Hyde  Pseurk  Square,  W. 


A.    1887  >  Morrison,  Albert 
A.M.  1899  r     Edward 


Anglo-American    Tel^^raph    Co.,   Char- 
lottetown.  Prince  Edward  Island. 


a.   1895 1  Morrison   William 
A.M.  1899  C     Murray 


Resident  Engineer  and  Manager,  T^ 
British    Aluminium   Ck>.,   liimited. 
Foyers,  Lockneas,  N.B. 
A.    1898  ") 
AM  1899*^^^^*  Herbert  Edmund    8, Hythe Road, Willesden Junciiofn, N.W. 

1900    Mundella,  V.  a.  .  .    Northern  Polytechnic  In8titute,HoUowaT 

Road,  N. 


a!'m.1899}^^^°'^™'^''^     • 

1900    Neale,  J.  E.  Douglas 
A.    1894  I  Newinoton,  A.  G. 
A.M.  1899  ) 

A.   1897  )„  „ 

-lono  f  Newton,  Henry  C. 

A.M.    l099  } 

-lonft  f  Nicholson,  H.  Godfrey 
A.M.  1899  )  * 

1900    Noton,  Cecil  A.    . 


1,  High  Street,  Notting  Hill  Gate,  W. 

36,  Moore  Street,  Cadogan  Oardens,  S. W. 

Westminster  Electric  Supply  Corpon- 
tion,  Eccleston  Ph&ce,  S.W. 

P.  O.  Box  385,  Durban,  Natal. 


The  Town  Hall,  Melbourne,  Victoria. 

Care    of    Messrs.   Gallender  ft  Co.,  4S, 
Frederick  Street,  Sunderland. 


A.    1897  I  O'Brien,  Arthur  Patrick    199,  Ladbroke  Grove,  North  Kensington, 
A.M.  1899  J  W. 

A     1893 1 

1QQO  c  Oliver,  Wilfred  Morgan    Southgate  Green,  Bury  St.  Edmonds. 

A.M.  JLo«7«7  I 
A      1890  "^ 

f  Olsson,  Martin  C.  .    6,  Leinster  Street,  Dublin. 

A.M.   JitjJv   1  * 

A     1896 ) 

-loan  f  Osborne,  Marbhall         .    Ashlea,  Clooney,  Londonderry. 
A.M.  1899  } 


A     1895 ) 

iCKio  f  Paget,  Clarence  George    91,  London  Road,  Croydon. 

A.M.  lo99  } 

1900    Papworth,  John  W.         .    10,  Park  Place  Villas,  Maida  Hill,  W. 
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A. 
A.M. 


A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A.M, 

A. 
A.M. 

A.§ 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


894 
899 


[  Parpitt,  G.  J.  T.  .            .  The  Avenue,  Keynsham,  Bristol. 

1900  I  ^^^^^  ^'^'  '            '  ''»  Rylands  Road,  Beeston,  Notts. 

1900  I  ^^*"™^»  Edwin  .            ,  Peel  Works,  Adelphi,  Salford. 

^^ )  Parr,    George  Dudley  16,    Ebberston    Terrace,    Hyde    Park, 
.899 )      AspiNALL                                     Leeds. 

896  J  Parsons,  William  Samuel  Corporation  Electricity  Works,  Burton- 
.899 )  upon-Trent. 


875 


j-  Patey,  Arthur  P.  .    The  Holbom  Restaurant,  W.C. 

I  Payn,  John  J.         .  .    Eastern  Telegraph  Company,  Cairo. 


897  I  pAgQuiBR,  Arthur  Edmund  67,  Coldstream  Street,  Llanelly,  South 
)      DU  Wales. 

896  )  Pearson,    George     Arm-  4,  Northgate  Street,  Bath. 
899 )      strong 

898  )  Pearston,  Osborne          .  Care  of  Messrs.  Alabaster,  Gatehouse  & 
900  S  Co.,  4,  Ludgate  Hill,  E.C. 

898  I  PBPJJQ2A,  Samuel  RiONOLD  The  East  Indian  Railway  Telegraphs, 

.899  )  Allahabad,  India. 

896 ") 

'       y  Peel,  Charles  Steers     .  28,  Elm  Park  Road,  S.W. 

goQ  t  Perry,  Henry  Harold     .  12,  Alpha  Place,  Chelsea,  S.W. 

>  Petavel,  J.  Ernest           .  84,  Abingdon  Mansions,  Kensington. 

j^gg  t  Peters,  Philip      .            .  83,  Aynhoe  Road,  Brook  Green,  W. 

897  ) 
QQ  I  Phillips,  Alfred  Lovell  16,  Peak  Hill,  Sydenham,  S.E. 

^ )  Phillips,  Edward  Good-  Electrical    Department,    Metropolitan 

.899  \     SON  Railway,    Bishop's    Road    Station, 

W. 

.897  I  Phillips,     Robert    Wil-  Electric  Light  Station,  Bristol, 
j     FRED  Lucas 

896  )  Phillips,  Wm.  Llewellyn  14,  Stead  Street,  South  Melbourne,  Vic- 

3  toria,  Australia. 

.900    Pickering,  Prank.            .  Electric  Light  Works,  Cape  Government 

Railways,  Cape  Town. 

896 )  Pilling,  John        .            .  Kettlewell     House,    Kettlewell     Lane, 

.899)  King's  Lynn. 

^  \  Piao,  Jambs            .            .  Clive  House,  17,  St.  Olave's  Road,  York. 
.899  y 

896  ) 

y  Piggott,  George  Edmund  110,  Cannon  Street,  E.C. 
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/^  J^Q  I  ^"^^®*'  Oscar  Albert    .  Ck)rporation  Electricity  Works,  Black- 

A.M.  iHay )  Ij^j.jj 

/m  Jf^al^"'''"^^'^-^-      •            •  Electric    Lighting    Department,    Town 

^'^'  ^^^  >  Hall,  Rathmines,  Co.  Dablin. 

/w  l^o  I  ^'^^^'^O'  William  Ben-  50,  Great  Percy  Street,  King's  Cross,  N. 

A.M.  1899  )        JAMIN  »        -O 

^*   1^  [  ^°f  ^"^°^°^'    Frederick  Preshfield,  near  Liverpool. 
A.M.  1899  )      Arthur 

A.   1898  \  ^ 

A.M.  1899  )  P<^^LEY.  J^MBS  W.              .  46,  Hervey  Park  Road,  Walthamstow. 

A.    1898  )  ^ 

A.M.  1899  )  ^oo^»»  Edgar                    .  "  Fern  Villa,"  Acutt  Street,  Durban. 

N.8.    )  ^  _ 

A.M.  1900  J  ^°^^»  Philip  C.     .            .  23,  Islam  Road,  Sale,  Cheshire. 

A.    1890) 

A.M.  1900  >  ^^^^^*  W-  V.  M.             .  148.  Temple  Chambers,  E.C. 

A.    1898  )  ^ 

A.M.  1899  )  ^°^'™*»  Gbopprey            .  40,  Eccleston  Place,  Belgravia,  S.W. 

1900    PRBSCOTT,  George.            .  9,  Merrion  Row,  Dablin. 

N-8.  I  Price,  Wm.  P.                    .  Care  of  Callender's  Cable  A  Construction 

A.M.  1900  )  Company,  Oldham  Place,  Renshaw 

Street,  Liverpool. 
A.    1896  )„  X.  , 

A  M  1899  \  ■^^^^^^■'  Pfi»ciVAL  John  Morningside,  Sidcup,  Kent. 

A.M.  TgOO  }  ^*^'™*»  Francis  E.         .  98,  Monton  Road,  Eccles,  Manchester. 

1900    Proctor,  William  Jambs  .  Tryan  Edward  Street,  Nuneaton. 

A.    1895 )  PI108MANN,    Carl    Adolf  Corporation  ElectrioityWorks,Donca8tef. 
A.M.  1899  )     Louis 

A  M  1899  f  ^^^^^^^'  Edwin  Ernest  .  Electric  Light  Station,  Aberystwyth. 

A.    1879  }  Pynb,  Rai  Shreb  Bolly-  Indian  Government  Telegraphs,  Alipore, 

A.M.  1899  )     CHAND,BAHADUR,F.I.Inst.  Calcutta. 


A.    1893  )  Ralph,  Georgb      .            .  Care  of  Messrs.  J.  H.  Holmes  ft  Ca, 

A.M.  1899  )  Portland  Road,  Newcastle-on-Tyne. 

u,  lonn  f  Ramaqb,  p.  a.                     .  Salford  Iron  Works,  Manchester. 
A.M.  j.yuu  3 

A.    1894  i  Randall,  Alexander  B.  Salisbury  Electric  Light  Companv,  Town 

A.M.  1900  )  MiU,  SaUsbury. 

A     1892 ) 

IfW)  \  ^a^habl,Francis  Charles  6,  Ravensboume  Road,  Bromley. 

A.    1891  )  Rawlings,  William  Robt.  "  Lakeside,"  Home  Park  Road,  Wimble 

A.M.  1899  )  don  Park,  S.W. 
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A.  1898  >  „ 
A.M.1899j^^™^*'^^™^^^- 

A.  1886  }  Rbbkibo,  A.  J.  L.  . 
A.M.  1899  ) 

1899  Redoraye,  Wiluam 

Bramley 

1890  )  Rentell.  Sidney  . 
1899) 

1900  Rheam,  Nobman    . 

1896  )  Richardson,  Stuart 
1899) 

1894  )  RiQBY,  Arthur  B.  . 
1899) 

1891 1  Ritchie,  Hazbn     . 
1899) 

1899  I  ^^^""^»  Thomas  Edward 
1899    Roberts,  David  Evan 

1890  )  Roberts,  Ernest  . 
1899) 

1898  )  „  „,  m    XT 

1899  \  ^*^i"*-WRAy,  T.  H. 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


1892 )  Robinson,        Alexander 
1899 )     Hunter 

ift99  [  ^^™^N»  Keith   . 

1896  )  Robinson,Leonard  Leslie 
1899) 

1898  ) 

1899  [  ^^™^^^»  Leigh   . 

1898  )  Rogers,  Frederick  Mas- 

1899  )        SINGBERD 

1896  I  Rogers,  Henry  J. 

1900) 

1896  )  Rogers,  Hugh  Innes 

1899) 

1894  I  RoGERSOM,  Wm.   Michael 

1899)        • 

1898  )  RoLPH,  W.  Mair    . 
1900) 

1898  }  Rose,  Thomas  A.    . 
1899) 

1899  Ross,  Sidney  John 

1899  \  ^^*^^'™^  James  T. 


68,  Oakfield  Road,  Finsbury  Park,  N. 

Eastern  EztensioD  Telegraph  Company, 

Madras. 
29,  Ulundi  Road,  Blackheath,  S.E. 

20,  St.  John's  Park  Mansions,  Pemberton 

Gardens,  Upper  HoUoway,  N. 
196,  Clapham  Road,  S.W. 

Engineer  and  Manager,  The  New  Zea- 
land Electrical  Syndicate,  Limited, 
Wellington,  New  Zealand. 

The  Electrical  Transmission  Co.,  Ltd., 
Albert  Works,  Hammersmith,  W. 

Canadian  General  Electrical  Company, 
286,  Metcalfe  Street,  Ottawa,  Ont., 
Canada. 

6,  Duke  Street,  Moss  Side,  Manchester. 

Dowlais,  Glamorgan. 

"Homefield,"  Lansdowne  Grove,  Neas- 
den,  N.W. 

15,  St.  German's  Road,  Forest  Hill,  S.E. 
Oakhill  Park,  Liverpool. 

13,  Victoria  Street,  S.W. 

Pembroke  Electricity  Works,  Bath 
Avenue,  Pembroke,  co.  Dublin. 

64,  Boundary  Road,  N.W. 

Electric  Lighting  Station,  Penrose 
Street,  Walworth,  S.E. 

The  Watford  Engineering  Works* 
Watford. 

Edinburgh  Chambers,  Baldwin  Street, 
Bristol. 

Electric  Lighting  Department,  Talbot 
Street,  Nottingham. 

Care  of  Miss  Rolph,  Steglitzerstrasse  49, 
Berlin,  W. 

Care  of  T.  B.  Holway,  Esq.,  605,  Avinida 

de  Mayo,  Buenos  Aires. 
Town  Hall,  Hackney,  N.E. 

"  Tynwold,"  Grove  Park  Road,  Chiswick. 
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A. 
A.M. 

A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


1897 
1899 

N.B. 

1900 
1891 
1899 
1892 
1899 
1885 
1899 
1896 
1899 
1894 
1899 
1896 
1899 
1895 
1899 


i  BouTLEDOE,  William 

y  RowE,  Thomas 

V  Rowland,  William 
)  BuDDLE,  Mark 

>  RcDDOCK,  Alfred  Edward 

>  RuNGAY,  Thomas    . 

{Russell,  Sydney  George 
Castle 

)  Russell, Walter  Herrert 


V  Rutherford,  Adam 


ASSOCIATE  MEMBERS. 

Blaydon  Iron  Works,  Blaydon-<m-Tyne. 
Kational  Telephone  Co.,  LiTcrpool. 
25,  Inverine  Road,  Old  Charlton. 


Electric    Light    Station,   Fleet    Stnei, 
Dublin. 

Riches  Street,  Wolverhampton. 

Blenheim  Palace,  Woodstock. 
19,  Lombard  Street,  E.C. 

Elm      YiUa,     Bnrton     Road,     Heltoo 
Mowbray,  Leicestershire. 

14,  HUl  Street,Gamet  |iill,61as8ow>^.B. 


A. 
A.M. 

A. 
A.M. 

A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 

4.M. 


1900    Salter,  John  Russell     . 
1900    Sankey,  Percy  W. 

1900    Savage,  Henry     . 

iftOQ  [  ^^^'^*»  Oeorqe  Henry 

188C  )  Sayers,  Henry  Manning- 
.  1899  >     TON 


N.S.    } 

1900) 


Scholes,  George  H. 


1889  ) 

f  Scott,  Allen  Francis 

1900    Seabrook,  Arthur  Hugh 


26,  Whitehall  Park  Road,  Chiswick,  W. 
Afessrs.  Johnson  &  Phillips,  Old  Chari- 
ton, S.E. 
28,  Craigeme  Road,  Blackheath,  S.E. 

St.  James'  Gate  Brewery,  Dublin. 

Care  of  The  British  Electric  Tfaction 
Co.,  Donington  Honac,  Norfolk 
Street,  Strand,  W.C. 

Blantyre  Street,  Hulme,  Manchester. 

41,  Piccadilly,  Bradford,  Yorks. 

65,  Westbere  Road,  West  Hampstesd, 
N.W. 


[  Scott,  Ernest  Kilburn    .    194,  Victoria  Road,  Old  Charlton,  Kent 


1891 
1899 

1898  )  Shaw,  Arthur  Henry 
1899) 

1B98  )  Shaw,  Cyril  M.      . 

1899  J 

1898 1  Shaw,  Joshua 

1899) 

1899     Shephard,  Dennis  G. 

1891 1  Shepherd,  Robert 

1899  J 


*  The  Harrow  Electric  Lights  Power  Co. 
Harrow. 

Electric  Lighting  Department,  1,  White- 
hall Road,  Leeds. 

Isle  of  Man  Tramways  &  Electric  Power 
Co.,  Limited,  Douglas,  Isle  of  Man. 
4,  Queen  Victoria  Street,  E.C. 

Bristol     Chambers,    Nicholas     Street, 
Bristol. 
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A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A'.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 


886  ) 

'        >  Shill,  Pxbcy  Richabdbon  54,  Fairlop  Boad,  Leytonetone,  N.E. 

900    SiLLAB,  Habold  McKnioht  1,  Torriano  Cottages,  Camden  Boad,N.W. 

1894  ) 

^  V  Simmons,  Habold  Habman  78,  Pepys  Bead,  New  Gross  Gate,  S.E. 

^  1  Simpson,  Ebnsst  Lee        .  The    Demarara    Electric     Co.,     Ltd., 
899  )  Georgetown,  Demarara. 

®93  1  SiNCLAiB,  Fbedbbick  8,  Hanovor  Terrace,  Begent's  Park,  N.W. 

) }     Chables  Hobace 

gl^  >  Skelton,  Chables  Edwabd  2A,Hillfield  Boad, West  Hamp8tead,N. W. 

®^  1  Skijineb,  Thomas  William  "  Lyncombe,"      London       Boad,      St. 


\  Smith,  Abcheb 
900) 


Leonards. 

National  Telephone  Co.  Ltd.,  13,  Cheap- 
side,  Hanley,  Staffs. 


894  ) 

QQj^  y  Smith,  Abthub  T.  .  .    11,  Hornby  Terrace,  Morecambe. 


895  )  Smith,  H.  Sidney  . 

899) 

.900    Smith,  Joseph  John 

V  Smith,  Nobman 
8^  )  Smith,  Sydney 


Care  of  The  Acetylene  Illuminating  Co., 

Foyers,  Inverness. 
7,    Seyboume    Terrace,    Yarm    Lane, 

Stockton-on-Tees. 

5,  Handel  Street,  W.C. 

Care  of  Messrs.  G.  Findlay  &  Co., 
21,  Adderley  Street,  Cape  Town, 
S.A. 


c/o  The  Shelton  Coal,  Iron,  and  Steel 
Co.,  Stoke-on-Trent. 


"Fembank,"    Aberdeen    Boad,    South 
Croydon. 

Boro'  Electrical  Engineer,   Electricity 

Works,  Keighley,  Yorks. 
77,  Tyrwhitt  Boad,  St.  John's,  S.E. 


898 1  Smith.  William  H. 

897  )  Smith,  William  Henby 
899) 

898  )  Smyth,  John  McFall 

899) 

900    Snowdon,  Habby  , 

895  ) 

y  Solomon,  Henby  Geobqe  .    103,  Elgin  Avenue,  Maida  Vale,  W. 

897  )  Staniland,  Chas.  Nobman  "  Duerdin,"  Beaconsfield  Boad,  Canter- 
.899 )  bury. 

894  )  Stephens,  Hilliabd         .  36,  Killieser  Avenue,   Streatham  Hill, 
900)  S.W. 

897  )  Stevens,  Theodobe,  M.E.    1,  Lome  Villas,  Marlboro'  Boad,  South 
.899  )  Woodford,  Essex. 

889  )  Stevenson,  William         .    Telegraph  Department,  Caledonian  Bail- 
J  )  way,  Glasgow. 

^  I  Stiblino,  Chables  .    14,  Stafford  Place,  S.W. 

®^  I  Stobie,  Geoboe     .  .    The  Harbour  Works,  Durban,  Natal. 
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A.    1898  I  Stobib  H^^BY  E. 
A.M.  1899  ) 


A.  1886 
A.M.  1899 

A.  1896 
A.M.  1899 

A.  1888 
A.M.  1899 

A.  1897 
A.M.  1899 

A.  1890 
A.i(.  1900 

A.  §1898 
A.M.  1899 

A.  1898 
A.M.  1899 

A.  1898 
A.M.  1899 


)  SStockek^lfbedLeonabd 
}  Strike,  Robebt  John 
}  Strode,  W.  W.       . 

)  Stuart-Mentbth,  W.  F,  . 

>  SuLLT,  Herbert  Thomas 
V  Sunderland,  Leo. 

t  SuTBR,  Frank 
)  Sykeb,  Robert 


Grmnd  Junction  Ruhimys,  Lid.  CTtk- 
graphs),  KlipplflAt,  Cape  GoAoot. 
South  Africa. 

Masereo  sor  le  Salat,  Hafite  Ganxae, 
France. 

Electrical  Engineer's  OflSce,  Town  HsD. 
Lannceston,  Tasmania. 

**  Bankside,*'  Leigham  Coart  Road, 
Streatham,  S.W. 

Monicipal  Engineer,  Darjeeling,  BengiL, 
India. 

1,  Queen  Anne's  Buildings,  Bristol. 
33,  Victoria  Street,  S.W. 

66,  Bemers  Street,  W. 

**  Lochiel,"  Cumbernauld,  DnmfaaiioiH 
shire. 


1900    Talbot-Crosbie,  J.  B. 
A.  §1897  )  Tamblyn- Watts,    Thomas 
A.M.  1899  )      M.  F. 

1QOO  r  Tasker,  Percival  S. 

A.M.  loVI«7  J 

1900    Tatlow,  William 

A.  §1891 1  Tavaria,H.K.,B.Sc.,M.L.S. 
A.M.  1899  ) 

A.    1898  >  „  .  ^ 

^o«/^  t  Taylor,  Arthur  Kepple  . 
A.M.  1899  ) 

A.    1897  }  Taylor,  C.  Percy  . 
M.  1900) 

A.    1893  )  Taylor,  Frederic  Henry 
A.M.  1899  ) 

A.    1898  )  Taylor,  Oeoroe  Edward 
A.M.  1899  ) 

N-8.  I  Taylor,  R. 
A.M.  1900  ) 

1899    Tester,  William  Andrews 

A.   1898 1  Thackrah,  Frsdk.  Robert 
A.M.  1899  > 

1899    Thomas,  Aubrxt  Ward     . 


Scotstoun  House,  Glasgow,  N.B. 
"  Goldielands,"  Settie,  Yorks. 

33,  Edwardes  Square,  Kensington,  W. 

7,  Belgrave  Square  West,   Monkstown, 

Dublin. 
The  Victoria  Jubilee  Technical  Institute 

Parel,  Bombay. 

98,  High  Street,  Merthjr  Tydfil. 

Messrs.    Knight,    Bevan,    and    Stuige, 
Northfleet,  Kent. 

*<  Kenwyn,*'  14,  Darenth  Road,  Stamfcnd 
Hill.  N. 

Lombard  House,  George  Yard,  Lombard 
Street,  E.G. 

789,    Chester    Road,     Stretford,    near 

Manchester. 
Care  of  Messrs.  R.  W.  Blackwell  &  Cc 
83,  Old  Town  Street,  Plymouth. 

Care  of  Messrs.  Laurence  Soott  A  Ca, 

Gothic  Works,  Norwich. 
18,  Victoria  Buildings,  Manchester. 
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A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


A. 

A.M. 

A. 

A.M. 


1897 
1899 
1896 
1899 
1890 
1899 
1898 
1900 
1899 
1899 
1898 
1899 
1898 
1899 
1896 
1899 

N.B. 

1900 
1899 
1895 
1899 
1874 
1899 
1900 
1899 


X  Thomas,  G.  E.  V.    . 

S  Thomas,    William    John 
Rawlinson 

y  Thompson,  E. 

{Thompson,        Fbedebick 
John 
Thorp,  Edgar  Leslie 
Thornhill,  Edw.  Badham 

[  TiBBiTS,  Oliver     . 

>TlDDEMAN,   p.   J.  S. 

[  TiLLYER,  Edward  Gould  . 

y  Tinker,  John  Joseph 

Todd,  Francis  L.  . 
)  Trackson,  PhilangE 

)  Tuppibld,Thomas  Symonds 

TuRNBULL,  Charles 
Turner,  Henry     . 


Goverimient  Hill,  Singapore. 

**  Pinewood,"  Woodstook  Road,  Moseley, 
Birmingham. 

'*  Ivedale,"  Queen's  Road,  Beckenham. 

"  Melrose,"  Teddington. 

88,  Noel  Street,  The  Forest,  Nottingham. 
Corporation  Electricity  Works,  Taunton. 

21,  Jury  Street,  Warwick. 

Urban  District  Council,  Park  Road,  St. 
Anne's-on-Sea. 

High  Road,  Mottingham,  Kent. 

Godley,  Hyde,  Manchester. 
Occold  Rectory,  Eye,  Suffolk. 

Care  of  Messrs.  Trackson  Bros.,  Adelaide 
Street,  Brisbane. 

Pacific  &  European  Telegraph  Company, 

Ltd.,  CasiUa,  48,  Los  Andes,  Chili. 
Hylton  Lodge,  North  Shields. 
91,  High  Street,  Lewisham,  S.E. 


30,   Palace    Street,   Buckingham  Gate 
S.W. 


A.    1897  I  Vaughan,  John  Crake 
A.M.  1900  ) 

A.    1898  )  VoGEL,Ju LIU 8  Leonard  Fox  Blackfriars  Testing  Works,  91,  Black 
A.M.  1899  )  friars  Road,  S.E. 


^«/w  t  Wade,  Edward  John 
A.M.  1900  ) 


18,  Boumevale  Road,  Streatham,  S.W. 


A.    1896 1  Wakley,  William  Robert    67,  The  Grove,  Hammersmith,  W. 
A.M.  1899  )      Clapcott 

1899  Walker,  Arthur  James  .    Public  Works  Department,  Wellington, 

New  Zealand. 

^*    io^l  Walker,  Henry    .  .     "Woodleigh,"  Bond  Street,  Wakefield. 

A.M.  lo99  3 

1900  Wallace,  Geo.  Senior     .    National  Telephone  Co.,  Ltd.,  Halifax. 
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▲. 

A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 


A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 

A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 
A.M. 

A. 


A. 
A.M. 

A. 
A.M. 


^^  >  Walteb,  Louis  Hbathcotb    83,  Holland  Park  Avenue,  W. 
899  J    B.A.(Cantab)A.M.Inst.C.E. 

896) 

g_  >  Walton,  William  A.         .    London  Road,  Gloucester. 


^^  I  Ward,  Georgb 

899) 

900    Warde,  H.  W. 

898  )  Wardell,  Robert 
899) 

^  )  Wardell,  Thomas 
899) 


Peterborgskaia  Oolitsa,  No.    2,  kg  t 
Krestoffflky,  Ostioff.  Si.  Petefsboig. 
24,  Barrington  Drive,  Glasgow. 

95,  Cyprus  Street,  Stretford,  near  Man- 
Chester. 

Care  of  T.  B.  Murray,  ^sq.,  94,  Hope 
Street,  Glasgow. 


^*  )  Warden-Stevens,  Fred.  J.    Connaught  Mansions,  Victoria  Street, 


899) 

900    Warren,  J.  W.  F. 


S. 


T 


Lowei;      Commercial    Street,    Middles- 
brough. 

890  )  w^TERHOUSB,    Lawrence  The  Simplex   Steel  Conduit  Co.,  LuL 
.899 )      Maxwell  Coventry  Street,  Birmingham. 

895  )  Waterland,Arthur Joseph  14,  High  Street,  Watford,  Herts. 
Clarke 

.897  I 

^  -Watson,  Duncan    .  .  100,  Charing  Cross  Road.  W.C. 

)    Watson,  Stephen  J.  .  55,  Heywood  Street,  Bury. 

®^  }  Webber,  Oswald  Thomas  "  KellyviUe,"  Athy,  Ireland. 
'^  )      O'Kblly,  Captain,  R.E. 

^8  1  §We8ton,  Geo.  Cambridge  Kensington  and  Knightsbridge  Electric 

899  )  Lighting  Co.,  Kensington  Court,  W. 

g_  j-  Weymouth,  George  A.  P.  City  Road,  South  Melbourne,  Australia. 

900  White,  Edward     .  .  Electric  Supply  Station,  Simderland. 

892  I  Whitehouse,  William  Hy.  Brighton  Villa,  GraveUy  HiD,  Erding- 

899  )  ton,  Birmingham. 

900  Whitmee,  Harold  B.        .  "  Rosemount,"  MusweU  Hill,  N. 

896  ) 

'        y  Whutaksr,  John  Henry  Cherry  Orchard,  Kidderminster. 

889  I  Wickham,  William  Henry  Hong  Kong  Electric  Light  Compaor, 
~"  )  Hong  Kong. 

884  ) 

'       V  Wilder,  Francis  Lanoham  Sulham,  Reading. 

g^^  I  WiLKiNs,  Alfred  J. 


Williams,  Alan 


.    104,  Carysfort  Road,  CUssold  Park,  N. 
.    "  Walcot,"  Shad  Road,  East  Acton,  W. 


.894  I 

899) 

.900    Williams,  Charles  Edgar   145,  Dulwich  Road,  Heme  Hill,  S.E. 

900    Williams,  Hal.     .  .60,  Queen  Victoria  Street,  E.C. 

889  ) 

y  Williams,  W.  Wynn         .    90,  Gitschiner  Strasse,  Berlin,  S. 

894  1 

V  Williamson,  P.  M.  .    17,  Westboume  Terrace  Road,  W, 
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1900  I  ^^^B>  Roger  H.             .  Salford  Iron  Works,  Manchester. 

892 1  Wilson,  Abchibald           .  Leith   Electric    Works,  Prineo  Regent 

900  )  Street,  Leith,  K.B. 

Wilson,  Ghables  E.          .  Care  of  The  Telegraph  Manufacturing 

Co.,  P.O.  Box  407,  Port  Elizabeth, 

South  Africa. 

.898  )  Wilson,  J.  M.  G.   .            .  c/o  Messrs.  R.  Wilson,  Son,  A  Co.,  St. 

.900  )  George's  Street,  Cape  Town. 

®^  )  Wilson,  Norman  James    .  *•  Rydal    Mount,"    21,    Cotham   Road, 

.899 )  Bristol. 

®®7  )  Wilson,  S.  Nbwcomb        .  Indo-European  Government  Telegraphs, 

.899  )  Karachi,  India. 

.900    Windham,  J.  A.     .            .  Hotel  Cecil,  Gibraltar. 

®98  1  WiNFiELD,         William  102,  Terminus  Road,  Eastbourne. 
)      Blakeway 

891 )  WiNNY,  Wm.  Humphrib    .  "  Wadham  House,"  Toynbee  HaU,  Went- 

)  worth  Street,  E. 

.896  >  Winter,  Ernest  Anthony 
J     Max 

I"  WOLLEY-DOD,  ThOS.  CrBWE 

899    Wood,      Arthur       Pem-  The  Lancashire  Dynamo  and  Motor  Co., 

berton  Ltd.,  Trafford  Park,  Manchester. 

.894 1  Wood,   Herbert  Alfred  69,    Clifton     Road,     Prestwich,     near 

.899 )      Alban  Manchester. 

891 )  Wood,     Henry     George  Telegraph  Department  South  Eastern 

899  )  Railway,  London  Bridge,  S.E. 

®^  )  WooDBURN,  James  Cowan  18,      Beechwood '   Drive,      Jordanhill, 

899 )  Glasgow. 

8^  )  WooDHOUSE,  Noel             .  Care  of  British  Insulated  Wire  Company, 

'      )  Prescot,  Lancashire. 

891  )  Woodman,  Leicester  Wm.  The  Dover  Electricity  Supply  Company, 

.899 )  Dover. 

.900    Woods,  George  H.           .  77,  Northgate,  Blackburn. 

.900    Worthington,  W.  S.  T.     .  Bakewell,  Derbyshire. 

[  •Wright,    Arthur    .        .  26,  Park  Crescent,  Brighton. 

896  }  Wright,  George  Edward  Assistant  Superintendent  of  Telegraphs, 

899)  Uganda  Railway,   Mombasa,    East 

Africa. 

896 }  Wyatt,  G.  Herbert          .  Electrical    Engineer,  Raub    Australian 

.899)  Gold    Mining     Co.,    c/o    Messrs. 

Guthrie  &  Co. ,  Singapore. 

1900    Wynne,  William  R.         .  42,  Palace  Mansions,  Addison  Bridge,  W. 
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1896  ) 

1899  i  Yale,  Thomas  P.  Osborne    Blaenau  Festiniog,  North  Wales. 


A.    18961 

A.M. 

A.    1897  )  Yerbury,  Harry  Edward    Tramway  Power  Station,  Kelham  Islandt 
A.M.  1889  )  Sheffield. 


A.  1892 
A.M.  1899 

A.  1890 
A.M.  1899 


y  Zeden,6eoroe  Alexander  9,  Queen  Street  Place,  London,  E.C. 
[  ZiNOLER,  Victor    .  ,    19,Buckland  Crescent,  Belsize  Park,  K.W. 

Total  Number  of  Associate  Members  .  .    644 
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ASSOCIATES. 

(A.I.E.E.) 


1899    Abbott,  Edmond  K. 
1894    Abrahams,  Henry 
1892  §AcKBRY,  Henry  Melville 
1873  'Adams,  Alex.  J.  S. 

1896    Adams,  George  . 


■  Adamson,  G.  L. 


N.S.    ] 

A.  1900  J 

1896    Adgock,  Georob  Frederick    . 

1896  Addyman,  John  E. 

1894  §Adlard,  Howard  T. 

1890    Ainslie,  M.         .  .  . 

1900     AlNBWORTH,  R.    . 

1873  AiRD,  John,  M.P. 
1887    Alabaster,  H.    . 

1898  Alcock,  B.  Whitfield  . 
1900    Alder,  H.  George 

1897  Alexander,  Geo.  Fredk.  Lewis 

1S96  Alexander,  J.  H. 
1389  §  Alexander,  W.  J. 
1890    Allam,  E.  p.       . 

1899  Allan,  J.  Douglas 
1881    Allen,  Percy 

1900  Allen,  Richard  Gilbert 

1897  Allingham,  Gerald  C. 

1895  Allingham,  Sidney 
1900    Allward,  M.  J. 

1876  §Almack,  Edward,  F.S.A. 

1898  Amesbury,  Walter  A.  . 

1896  Anderson,  A.  S. 

N.S.    ] 

A.  1900  1 

1878    Anderson,  James 


-  Anderson,  H. 


1894    Anderson,  Robert  J.    . 
1896    Andrboli,  Gabriel 


98,  Oakley  Street,  Chelsea,  S.W. 
33,  Arandel  Square,  Bamsbury,  N. 
H.M.S.  "  Vernon,"  Portsmouth. 
Postal  Telegraphs,  General  Post  Office, 

E.G. 
3,  Hythe  Villas,  Wigtown  Road,  Green 
Point,  Cape  Town. 

Smallbridge,  near  Rochdale. 

"  Riverdale,'*  Bourne  End,  Bucks. 

Gas  and  Water  Co.,  Colombo,  Ceylon. 

Mansion  House  Street,  London,  E.C. 

Hill  Foot,  Ulverston. 

Salford  Rolling  Mills,  Manchester. 

Belvedere  Road,  Lambeth. 

**Lytton,"    Mulgrave     Road,     Sutton, 

Surrey. 
Whitfield  Lodge,  Gordon  Hill,  Enfield,  N. 
Rockhampton,  Queensland,  Australia. 
The  Gas    and    Electric    Light    Works, 

Burton-upon-Trent. 
Dundonald,  by  Kilmarnock,  N.B. 
2,  Manor  Road,  Twickenham. 
14,  Hatton  Garden,  E.C. 
5,  Swallowfield  Road,  Charlton,  S.E. 
Femclifle,  Higher  Runcorn,  Cheshire. 
12,  Playfair  Road,  Southsea,  Hants. 
*'Eldon     House,"     Lyndhurst     Road, 

Hampstead. 

9,  Mount  View  Road,  Crouch  Hill,  N. 

99,  Gresham  Street,  Bank,  E.C. 
Temporary  Engineer,  Provincial  Branch, 

Dera  Ghazi  Khan,  Punjab,  India. 


Messrs.  John  Dowhurst  &  Son,  Sheffield. 

Eastern  Telegraph  Company,  Divisional 

Manager *s  Office,  Athens. 
Eastern     Telegraph     Company,    Suez, 

Egypt. 
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1881  Andbbw,  John  B. 

1896  Amdbbwb,  Fkedsric  Ebnest 

1894  Andbewb,  Henry  John 

1885  ANbBEws,  Thos.  Newton 

1899  Anlet,  p.  F.       . 

1893  Anns,  Albebt 

1896  Anbon,  Fbedebic  J. 
1898  Anson,  John  A.  . 

1885  Anstby,  Col.  T.  H.,  B.E. 

1894  Anstbuthbb,  Philip  Francis 

1897  Anstbuther-Thomsc 

1898  Abcheb,  Augustus 

1895  Abgher,  Charles  Herbert 


1884  *Ardbon,  J. 

1898  Aruitage,  Arthur 

1898  Armitaqe,  David 

1896  Armstrong,  Frank 
1874  Ash,  William  H. 

1897  AsHBY,  Skidmore 

1900  Ashman,  Wm.  Henry 

1872  AsHTON,  Edwin  . 


Telegraph  Department,  London  and 
North  Western  Railway  Company, 
Chester. 

**  Westhorpe,**  Loughborough,  Leicester- 
shire. 

9,  Bishop's  Terrace,  Fulham  Palace 
Road,  S.W. 

Charles  School  of  Science,  Plymouth. 

Corporation  Electricity  Works,  Tun- 
bridge  Wells. 

61,  Copers  Cope  Boad,  Beckenham. 

6,  Lombard  Street,  London,  E.C. 

8,  Diamond  Terrace,  Blackheath  Hill, 
S.E. 

6,  Square  de  Greorgette,  Lausanne, 
Switserland. 

14,  ElUsCombe  Boad,  Charlton,  S.E. 
1897    Anstruther-Thomson,  Arthur    St.  Clair,  Dunedin,  New  Zealand. 

30,  Clarence  Boad,  Chorlton-cum- 
Hardy,  Manchester. 

5,  Church  Boad,  Urmston,  near  Man- 
chester. 

Secretary's  Office,  G.P.O.,  E.C. 

Electric  Lighting  Department,  Talbot 
Street,  Nottingham. 

15,  Evcring  Boad,  Stoke  Newington,  N.E. 
Torrybum,  Ashley  Hill,  Bristol. 
Eastern    Telegraph    Company,    Perth- 

cumo,  Penzance. 
Borough    Electrical  Engineer,    Maritz- 

burg.  Natal. 
18,  Stewart  Street,  Auburn,  Victoria. 
Postal  Telegraphs,  Liverpool. 
1891    Atkins,       Henry      Charles,    *'  St.  Leonards,"  Poplar  Avenue,  Edgbas- 

A.B.S.M.  ton,  Birmingham. 

1895    Atkinson,  Joseph  J.  .    Summer  Island,  Loughgall,  Co.  Armagh, 

Ireland. 


1899    AuLAONiER,  Louis  Emile 


8,    Bavensfield    Villas,    Church    Boad, 
Hendon. 


1895    AusTwicK,  Pergival  Charles  .    "  Longleat,"  Sidcup,  Kent. 

1895    Avery,  Henry  Alfred  .    Folmen  Works,  Park  Street,  Tunbrid^ 

Wells. 
1886    Aylmer,  Bichard,  M.  Inst.  C.E.    47,  Victoria  Street,  Westminster,  S.W. 


1898    Bacon,  Joseph  James  Charles    17,    Kensington    Avenue,    White    Post 

Lane,  East  Ham. 


1886  §Bacon,  T.  Walter 


Bamsden  Hall,  Billericay,  Essex. 
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885  Badoeb,  F.  H.    . 

887  Bailey,  Geo.  H. 

?  §Baily,  p.  G.,  B.A. 

896  Bain,  R.  Stewart 

887  Baker,  C.  Ashmore 

888  Balbi,  J.  Louis  . 

898  Balfour,  George 

3  Ball,  Comer  Sandys    . 

8  Banerji,  Duroadass,  M.A. 

873  Banker,  S.  M.   . 

.898  Bannister,  John  Charles 

9  Barber,  Cecil  . 
900  Barclay,  W.  R. 

900  Barker,  Edward  Arthur 

898  Barker,  Wm.  Edward  . 

900  Barker,  Wm.  H. 

894  Barnes,  Cuthbbbt  W. 

898  Barratt,  Samuel  H.  H. 

894  Barrett,  Arthur 

894  Barron,  Albert 

890  Barter,  Chas.    . 

891  Bartlett,  Albert  T.,  B.A. 
891  Barton,  Donald  Strode 


>  Battersby,  Albert  . 


892    Bathurst,  William 

N.S. 

19001 

898  Batty,  Dudley  Eugene 

899  Batty,  Fredk.  Rains    . 

896  Bauer,  J.  Augustus     . 
899    Baxter,  E.  H.    . 

895    Baylay,  Captain  F.,  R.E. 

895    Baylay,  Willoughby  Lake 

897  Bayles,  Ernest  Arthur 
897    Bayly,  C.F.H. 


1892    Bayly,  H.M. 


Superintendent,  City  Fire  Alarm  Tele- 
graphs, Montreal. 

Care  of  Messrs.  Sir  C.  MoGrigor,  Bart., 
&  Co.,  25,  Charles  Street,  St.  James's, 
S.W. 

Heriot-Watt  College,  Edinburgh. 

General  Manager,  London  Electric 
Supply  Corporation,  25a,  Cookspur 
Street,  S.W. 

27,  Bumaby  Gardens,  Gunnersbury,  W. 

Care  of  Parr's  Bank,  Ltd.,  52,  Thread- 
needle  Street,  E.C. 

Temple  Electric  Works,  Dundee. 

*'  Monte  Rosa,"  St.  Leonards-on-Sea. 

The  Indian  Government  Telegraph  De- 
partment, Bellary. 

"Helvellyn,"  Brownlow  Road,  Bounds 
Green,  N. 

17,  Mezfield  Road,  East  Putney,  S.W. 
34,  Alma  Street,  Blackburn. 
Richmond  View,  Kimberworth,  Rother- 

ham. 
Electric  Light  Station,  Bamsley. 
Lichfield   House,   Lawrie    Park    Road, 

Sydenham,  S.E. 
136,  Abbeville  Road,  Clapham,  S.W. 
The  Vicarage,  Grove  Road,  Bow,  E. 
10,  Fairfax  Road,  South  Hamp8tead,N.W. 

18,  Parkside,  Cambridge. 

4,  Hamilton  Mansions,  Hall  Road,  N.W. 
122,  Suffolk  Street,  Birmingham. 
144,  Charlton  Lane,  Old  Charlton. 
The  Lachine  Rapids  Hydraulic  and  Land 
Co.,  Ltd.,  38,  Victoria  Sq.,  Montreal. 
Box  6,  Bulawayo,  British  South  Africa. 

The  Tower,  Blackpool. 

338,  Upper  Brook  Street,  Manchester. 
Laurel  Bank,  Wardle  Road,  Sale. 


War  Office,  Horse  Guards,  Whitehall, 

S.W. 
5,  South  Avenue,  Ryton-on-Tyne. 
Frodsham,  near  Warrington. 
23,  Marlborough  Road,  Upper  Holloway, 

N. 
••Ivy    Gate,"    Addison    Road,    Bedford 

Park,  W. 
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1880  §Bayly,  Robebt  . 

1900  Beach,  Allan  F. 

1895  Beadle,  Alec.  Alfred 

1889  Beale,  W.  St.  John 

1897  Beanland,  Fred. 
1900  Beattie,  Joseph 

1898  Beaty,  R.  J.  Halliburton 

1895  Beaumont,  Alfred  John 

1888  Beaumont,  P.  J. 

1872  Beckett,  J.  W. 

1890  Beeton,  Frank 

1889  §Beevor,  S.  Felix 
1900  Behrends,  Douglas  C. 

1893  Bell,  James 

1898  Bell,  John  Dalbymple 

1898  Bellihomji,  Jehangir  N. 

1898  Bellow,  Harry  Jeffeby 

1900  Bendall,  Robert  Leopold 

1883  Benedict,  W.  Charles 

1894  §Bene8t,  Francis  Edward 

1873  Benest,  Henry 

1897  Benham,  Ernest  E.      . 

1898  Bennett,  Albert  Edwin 

1896  Bennett,  Arthur  Edward 

1899  Bennett,  Cyril  Geo.  Mancha 
1898  Bentham,  Harold 

1898  Bentley,  Arthur 

1898  IBentley,  Horatio  Halibubton 

1899  Benton,  Francis  James 

1877  Beresford,  James 

1876  Berner,  I.  O.  L. 

1894  Berry,  Frederick  Herbert  . 

1895  Bersey,  Walter  Charles 

1890  Bessemer,  A.  G.,  Jun.  . 
1883  Betts,  W. 

1898  Beveridge,  Edmund  Waltbb  . 


Torr  Grove,  Plymouth. 

2,  Jernlngham  Road,  New  Cross,  S.E. 

Belvedere,  Kent. 

Woodville,  Knighton,  Radnorshire. 

Bega,  Harrogate. 

Lower    Commercial     Street,     Middles* 

brough. 
55,  Wellclose  Terrace,  Blackman  Lane, 

Leeds. 

21,  Albany  Road,  Stroud  Green,  N. 

Postal  Telegraphs,  Lancaster. 

Dover    Electricity    Supply    Co.,    Park 

Street,  Dover. 
25,  Leinster  Square,  W. 
Telephone     Exchange,     Rockhampton, 

Queensland. 
Sydney  Cottage,  Maryfield,  Dundee. 

Opposite  Railway  Station,  Grand  Road, 

Bombay. 
85,  Mostyn  Road,  Brixton,  S.W. 
1,  Vicar's  Hill,  Ladywell,  S.E. 

59,  Newington  Butts,  S.E. 
Bournemouth    and     District     Electric 

Supply  Company,  Verulam  House, 

Yelverton  Road,  Bournemouth. 
85,  Burnt  Ash  Hill,  Lee,  Kent. 
Care     of    Messrs.     Dick    Kerr    &   Co.. 

Conyngham  Road,  Dublin. 
24,  Sedan  Street,  Walworth,  S.E. 
*<  Bella  Vista,**  Leigham  Court    Road. 

Streatham,  S.W. 
21,  Elsham  Road,  Kensington,  W. 
"  Highthorn,"  Kilnhurst,  Rotherham. 

14,  Grafton  Road,  Bedford. 

Care  of  The  Eastern  Extension  Telegraph 

Co.,  Singapore. 
1,  Holland  Road,  Chorlton-cum-Hardy, 

near  Manchester. 
Store    Nordiske    Telegraf    Selskab,    96. 

Kongens  Nytorv,  Copenhagen. 
14a,  Cierkenwell  Green,  E.C. 

8,  Grafton  Villas,  New  Brompton,  Kent. 

60,  Percy  Road,  Shepherd's  Bush.  W. 
Engineer,  P.  W.D.  Bulsar,  Surah,  Bombay 

Presidency. 
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1899  Beves,  Nobscan  Ellibon 

1900  Bicker-Caarten,  H.  H. 

1896  BiooB,  Charles  Henry 
N-8-  )  Biggs,  Charles  W.  V. 

A.  1900  ) 

1900  BiLiOTTi,  Frank 

1900  Bill,  C.  E.  S.     . 

1900  Bingham,  Herbert 

1895  BiNNS,  Walter  . 

1887  Black,  Patrick  Anderson 

1900  Black,  R.  H.     . 

1899  Blackburn,  Gerald  B. 
1890  Blackburn,  R.  S. 
1895  Blackburn,  Thomas     . 

1898  Blagden,  Arthur  Herbert 

1898  Blackwood,  James  A.   . 

1894  Blake,  Francis  James  . 

1898  Blakey,  Alp.  B. 

1900  Blenheim,  Wm.  John   . 

1890  Bloxam,  T.  W.   . 

1900  Blundell,  a.  S. 

1871  Blundell,  J.  Wagstafp 

1883  Blythbwood,  Lord 

1887  BocQUET,  Frank  H. 

1876  BOMPAS,  G.  C.    . 

1887  Bond,  Walter  G.  A.     . 

1895  Bonus,  Henry  Pem. 
1894  Borman,  Wm.  Walter  . 
1883  Borns,  H„  Ph.D.,  F.C.S. 

1897  Bose,  Girindra  Chandra 

1877  §Botham,  Arthur 

1900  Botting,  Richard  George 

1896  Botting,  Robert  Fred. 

1897  Boucher,  James  W. 

1898  Bourne,  F. 

1888  Bourne,  H.B.  . 


Care  of  C.  P.  Middleton  &  Co.,  Limited, 

6,  Schoolhill,  Aberdeen,  N.B. 
9,   Upper   Westboume    Terrace,    Hyde 

Park,  W. 
*•  Glebe  Lodge,"  Champion  Hill,  S.E. 
Care    of    Mrs.    Green,    Boston    Lodge, 

Boston  Spa,  Yorks,  R.S.O. 
12,  EUiscombe  Road,  Charlton,  Kent. 
8,  Coleherne  Terrace,  Richmond  Road, 

EarFs  Court,  S.W. 
Redfem  Electric  Light  Station,  Sydney, 

N.S.W. 
4,  Summerhill,  E.  Sunderland. 
Chorrillos  Gas  Works,  Lima,  Peru. 
11,      Charlemont     Terrace,      Clontarf, 

Dublin. 
Clifte  Lodge,  Baildon,  Yorks. 
Cliife  Street,  Hebden  Bridge,  Yorkshire. 
Paragon  Works,  Prince  Edward  Street, 

Durban,  Natal. 

11,  St.  Loo  Mansions,  Chelsea,  S.W. 
110,  Fenchurch  Street,  E.C. 

Poste  Restante,  Perth,  Western  Aus- 
tralia. 

143,  Lord  Street,  Southport. 

Faraday  House,  Charing  Cross  Road, 
W.C. 

Electricity  Works,  East  Bridge  Street, 
Belfast. 

381,  Halley  Road,  Forest  Gate,  E. 

17,  Addison  Road,  Hove,  Sussex. 

Blythswood,  Renfrew,  N.B. 

28,  Villiers  Road,  Southsea,  Hants. 

4,  Great  Winchester  Street  Buildings, 
E.C. 

19,  Holmdale  Road,  West  Hampstead, 
N.W. 

"  Clevedon,"  Grove  Road,  Sutton. 

19,  Alexandra  Road,  Wimbledon. 
63,  Bechoo  Chatterjee's  Street,  Calcutta. 
47,  Romilly  RoaS,  Finsbury  Park,  N. 
40,  Grosvenor  Place,  Aberdeen,  N.B. 
"  Brent  View,"  The  Hyde,  Hendon,  N.W. 

12,  Dawson  Street,  Dublin. 
Telegraph  Department,   South  Eastern 

Railway,  New  Cross,  S.E. 
Pickford     Rubber    Mills,     Harpenden, 
Herts. 


Digitized  by  LjOOQ  IC 


74 


ASSOCIATES. 


1891  Bourne,  W.  F.   . 

1892  BouwEB,  J.  H.    . 

1898  BowDEN,  Frank  William 

1889  §BowDEN,  H.  W. . 

1896  BowDEN,  John  R.  J.      . 

1898  BowEN,  Frederick  Livingston 

1900  Boyd,  Wm.  Stuart        .     . 

1890  BoYBS,  John 

1899  Bradley,  Cornelius  Miles 

1898  Bradley,  Jos.  Metcalfe 

1891  Bramble,  E.  W. 

1899  Brandreth,  C.  H. 

1898  Braulik,  George  Victor 

1886  Brayshaw,  James 


1895  Brazil,  Henry  . 

1896  BrearlBy,  Joseph  H.  D.,  B.E., 

B.Sc. 

1890    Bremner,  James 

1898    Brennand,  James  Hampton     . 

1890    Brew,  William 

1885    Brbwtnall,  A.  W. 

1900    Bridoer,  F.  B. 

1890    Bridson,  E.  fliDOWAY,  M.A.     . 

1894    Briggs,  Frank  Cobden 

1898  §Bhiscoe,  Albert  Edward 

1898  §Broadbent,     Denis     Kipley, 

A.M.I.M.E. 
1889    Broadbent,  Frank 

1896    Broadbent,  Thomas  William 
1892    Brock,  Stewart  Nicholas  de 

Saumarez 
1877    Brook,  Albert  . 


Picklord     Rubber    Mills,    HarpendexL, 

Herts. 
Gompania  PrimitiYa  de  Gas  de  BnenoK 

Ayres,  Seccion  Lu2  Electrica,  456, 

Sinpacha,  Buenos  Ayres. 
109,  Uzbridge  Bead,  Ealing,  W. 

25,  Langbam  Mansions,  Earls  Coiut, 
S.W. 

8,  Tokenbouse  Buildings,  King's  Arms 
Yard,  E.C. 

20,  Talbot  Square,  Hyde  Park,  W. 

Care  of  Eastern  Telegrapb  Company,  50, 
Old  Broad  Street,  E.C. 

23,  Holbom  Viaduct,  E.C. 

17,  Shaw  Road,  Dudley. 

Telegrapb  Department,  G.P.O.,  Sydney, 
N.S.W. 

National  Telephone  Co.,  TelepboDe 
Buildings,  Newhall  Street,  Bir- 
mingham. 

217-218,  Upper  Thames  Street,  E.C. 

Telegrapb  Department,  Ferro  Carril 
del  Sud,  Buenos  Ayres,  Argentine 
Republic. 

''  Kelso,"  Morden  Hill,  Lewisham,  S.E. 

Care  of  the  Electrical  Engineer,  New 
South  Wales  Government  Railways, 
Sydney,  N.S.W. 

Lima  Electric  Co.,  Lima,  Peru. 

Care  of  Bank  of  New  South  Wales,  Hay- 
market,  Sydney,  N.S.W. 

Electric  Light  Depdt,  British  Museum, 
London,  W.C. 

Greenfield  House,  Swinburne  Place, 
Newcastle-on-Tyne. 

26,  Priory  Road,  West  Hampstead,  N.W. 
Wolvercote,  Heaton,  Bolton,  Lancashire. 
"Holbrook,"    Hartley    Street,    W^olver- 

hampton. 

Municipal  Technical  Institute,  West 
Ham,  E. 

26,  Great  Russell  Street,  Russell  Square, 
W.C. 

Care  of  Messrs.  J.  H.  Holmes  &  Co- 
Portland  Road,  Newcastle-on-Tyne. 

Victoria  Electrical  Works,  Huddersfield. 

South  Tower,  Crystal  Palace,  Sydenham. 

Direct  United  States  Cable  Company. 
63,  Old  Broad  Street,  E.C. 
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8,  Buchanan  Street,  Glasgow,  N.B. 
"  St.  Elmo,"   Garew  Road,  Wallington, 
Surrey. 

**  Nau  Mai,"  Hanson  Street,  Wellington, 

New  Zealand. 
**  The  Knoll,"Wallace  Street,  WeUington, 

New  Zealand. 
Electricity  Works,  Helen  Street,  Govan, 

Glasgow. 
*'  Longhurst,"  Dunmurry,  Belfast. 
Care  of  Messrs.  Siemens  Bros.  &  Co., 

Woolwich,  S.E. 
41,  Glaremont  Road,  Highgate,  N. 
Direct    Spanish    Telegraph    Company, 

Barcelona,  Spain. 
The  Dudley  and  Stourbridge  Tramways 

Dep6t,  Harts  Hill,  Dudley. 

1896  Browning,  Walter  Buchanan    Clapham  Park,  Bedford. 

1882    Browning,  Walter  W.  .    Eastern  Extension  Telegraph  Company, 

Nelson,  New  Zealand. 

1897  Bruce,  W.  Forres 

1892  Bryan,  Frank    .  Stile  Cottage,  Wellesley  Road,  Gunners- 

bury,  W. 

1893  Burb,  Herbert  James  .  .    Scottish  Aluminium  Ltd.,  Greenock,N.B. 
1891    Buchanan,  Harry        .           .    39,  Victoria  Street,  S.W. 

1898  Buchanan,  Harvey  Cranmer  .    77,  Hayter  Road,  Brixton,  S. W. 


1900  Brodib,  p.  M.  S. 

1890  Brooks,  A.  R.    . 

1893  §Brook8bank,  Arthur  . 
1899  Brown,  Albert  Edward 

1899  Brown,  Edward  George 

1900  Brown,  James    . 

1837  Brown,  John     .  . , 

1894  Brown,  W. 

1892  Brown,  William 

1877  Browne,  Henry  V. 

1898  Browne,  Roland  Francis 


1899  Buchanan,  R.  A. 

1892  BUCKELL,  C.  P.   . 

1895  BucKELL,  Lionel  E.     . 

1898  BucKTON,  Christopher 

1892  Bull,  J.  Cecil  . 

1898  BuLLARD,  William 

1874  Bullock,  Thomas  A.     . 

1898  Bunn,  William  . 

1897  Bunting,  John  Henry  . 

1895  Burchell,  John  George 

1899  Burgess,  A.  E.  C. 

1898  Burgess,  Edward  Hobart 
1885  BuRNE,  Oldbury 

1897  BURNBT,  CD.. 


"  Dunfillan,"  Helensburgh,  N.B. 
General  Post  Office,  Singapore,  Straits 

Settlements. 
4,  St.  Mary's  ViUas,  Richmond  Hill,  Cork. 
Moravian      House,      LightcUffe,      near 

Halifax. 
"  Wilcote,"  The  Leas,  Westcliffe-on-Sea, 

Essex. 
The  Eastern  Extension  Telegraph  Co., 

Shanghai. 
Eastern    Telegraph  Company,   11,    Old 

Broad  Street,  E.C. 
23,  Oxford  Road,  Stroud  Green,  N. 
Care  of  Hume,  87,  South  Clerk  Street, 

Edinburgh. 

127|Fordwych  Road,  West  Hampstead, 
N.W. 

74,  Woodland  Terrace,  Old  Charlton,  S.E. 

Indian  Government  Telegraphs,  Cal- 
cutta. 

4,  Warwick  Square,  Carlisle. 
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1886     BURNHAM,  R.  H. 

1900    Burns,  John 


.    Craven  House,  31,  Gauden  Road.  CUp- 

ham,  S.W. 
.    Central  Electric  Light  Station,  Abbev 

MiUs,  West  Ham,  E. 
1898    Burr,  William  .  .  .93,  Pordel  Road.  Catford.  S.E. 

1898  §Burnie,  William  Beckitt       .     The  South-Westem  Polytechnic,  Man- 

resa  Road,  Chelsea.  S.W. 
1393  §  Burton,  William  Frederick  .     144,  Wardo  Avenue,  Munster  Road,Ful- 

ham,  S.W. 

1899  Bush,  Montague  .  .    23,  Marlborough  Place,  St.  John's  Wood, 

1894    Butcher,  M.  H.  .  .    Care  of  Messrs.  F.  A.  Robinson  k  Co., 

64,  Old  Broad  Street,  E.C. 

1876    Butcher,  S.       .  .  . 

1887    Butler,  W.  H.  .  .     Postal     Telegraphs,     Central     Sution, 

General  Post  Office,  E.C. 


1892  Callender,  J.  O. 

1883  §Cameron,  M.  A.,  Major,  R.K. 

1891  Campbell.  A.     . 

1387  Campbell,  Edward 

1898  Campbell,  Henry  Arthur 

1900  Campbell,  K.  F. 

1897  Campbell,  Robert 

1884  Carey,  Walter  C. 

1876  Carlisle,  Henry 

1898  Carnegie,  Alfred  Quintin 
1890  Carpmael,  H.     . 

1872  Carr,  George  M. 

1893  Carter,  Fred.  Samuel 

1898  Carter,  Frederick  Wm. 

1898  Carter,  William  Leonard 

1896  Carty,  Reginald  Charles 

1894  Carver,  William  M.     . 
1889  Cassels,  Walter  R.     . 


e/o  Callender*s  Cable  and  Constniction 
Co.,  90,  Cannon  Street,  E.C. 

Crown  Agents'  Office,  Downing  Street, 
S.W. 

28,  Gray's  Inn  Road.  Holborn.  W.C. 

Postal  Telegraphs,  Edinburgh. 

Jamaica  Electric  Light  and  Power  Co., 
Limited,  Kingston.  Jamaica. 

"  Duneira,"  Gledholt,  Huddersfield. 

Assistant  Supt.,  Indo.-European  Tele- 
graph Dept.,  Bushire.  Persia. 

Care  of  H.  Saunders,  Esq.,  Eastern 
Telegraph  Company,  50.  Old  Broad 
Street,  E.C. 

Eastern  Telegraph  Company.  Port 
Durban,  Natal. 

21,  Eldon  place,  Newcastle-on-Tyne. 

70,  Pathfield  Road,  Streatham  CommoD. 
S.W. 

Postal  Telegraphs,  Leeds. 

69,  Cyprus  Street,  Stretford,  Man- 
chester. 

82,  Hampton  Road,  Birchfields,  Birming- 
ham. 

1,  Blenheim  Road,  Bedford  Park,  Chis- 
wick. 

P.O.  Box  8,  East  London,  Cape  Colony. 
Manager,   River    Plate  Electricity  Co., 
Buenos  Ayres. 
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1883    Catlby,  Edwabd 

1894  §Chali.oneb,  William 

1889  Chapman,  F.  W.  Morbis 
1898  Chapman,  W.  H. 
1888  Chase,  L.H.   . 
1883  •Chatterton,  Geo.,  M.A., 

M.  Inst.  C.E. 

1875  Cheesman,  Henry  G. 
1900  Cheetham,  W.  B. 

1877  Chevallier,  C.  . 
1881  §Chevallier,  Fielding 

1898  Chevallier,  John  Clement 

Edocumbe 
1898  Child,  Arthur  Blackburn 

1890  Childs,  a.  E.,  B.Sc. 

1895  Christie,  James  Watson 

A   igool^^^^s"^' ^*  •^- ^'     • 

1895  Church,  William 

1898    Churton,  Thomas  Harding     . 

1891  Clamp,  Ernest  John    . 

1897  §Clapham,  Charles  Fredk. 

1876  Clafpebton,  George    . 

1898  Clark,  Edward  George 

1896  Clark,  Gordon  Paton  . 
1894  Clark,  Herbert  Ade  . 
1893    Clark,  R.  C.  Graham    . 

1892  §  Clark,  Thomas  . 

1897  Clabke,  Alfred  H.  T.  . 

1900    Clarke,  Edward  R.     . 

1898  Clxrke,  Joseph 

1896    Clarke,  Percival  Bailey 

1892    Clarke,  T.  J.      . 

1833    Claxton,  R.  Heywood  . 

1898    Clay,  Cecil  Buchanan 


EngineeriDg  Department,  Postal  Tele- 
graphs, Leeds. 
Blackpool. 

Peel  Works,  Adelphi,  Salford. 
17,  South  Street,  Manchester  Square,  W. 
Railway  Offices,  Melbourne. 

6,  The  Sanctuary,  Westminster,  S.W. 

21,  Argyle  Road,  West  Ealing. 

Sefton  House,   Abergele  Road,   Colwyn 

Bay,  N.  Wales. 
Eastern  Telegraph  Company,  Suez. 
Cable  Terrace,   Waterville,   Co.    Kerry, 

Ireland. 
Santa  Elena,  Ecuador. 

4,  Old  Oak  Road,  Uxbridge  Road,  W. 
The  Light,  Heat,  and  Power  Corporation, 

23,  Central  Street,  Boston,   Mans., 

U.S.A. 
453,  Brixton  Road,  S.W. 

The  Park,  Eccles,  Manchester. 

Marlborough  House,  Pall  Mall,  S.W. 

36,  Great  Wilson  Street,  Leeds. 

4,  Champion  Terrace,  Blackheath  Road, 

Old  Charlton  S.E. 
"  Roundhay,"  Belvedere  Park,  Tunbridge 

Wells. 
253,  Broadway,  New  York. 
Luz    Electrica,    La    Plata,     Argentine 

Republic. 

7,  Red  Lion  Square,  W.C. 
Blacknell  Terrace,  Crewkerne. 

The  Telegraph  Construction  and  Main- 
tenance Co.,  Limited,  Enderby's 
Wharf,  East  Greenwich,  S.E. 

National  Electric  Supply  Co.,  Bushell 
Street,  Preston. 

11,  King's  Bench  Walk,  Temple,  E.C. 

53,  Burcot  Road,  Meersbrook  Park, 
Sheffield. 

31,  Wellington  Park,  Clifton,  Bristol. 

Havelock  Works,  Leicester.    . 

National  Telephone  Company,  The 
Temple,  Dale  Street,  Liverpool. 
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1891  CLA.Y,  R.  0. 

1899  Clay,  Sidney  John 

1893  GiiAYPOoLB,  Wai^bb     . 

1900  Cleeves,  Wilfred  Birks 

1895  GiiiNKER,  Keginald  Charles  . 

1898  Close,  Frederick  Wm. 

1899  Close,  Lieut.  Francis  Morton, 

R.E. 

1898  Clough,  Norman 

1889  Clder,  S.  J.        . 

1898  CoALBS,  John  Dennis   . 

1899  CoATES,  Ernest. 

1893  CoATES,  Herbert  John 

1887  CoATHUPE,  J.  Sandford 

1896  Cobb,  Percy  Rhodes    . 

1896  Cochrane,  Ernest  James 


1891  CocKERiLL,  Thomas 

1898  Coffin,  Harold  Lewis 

1881  Coffin,   Walter   H.,    F.C.S., 

M.  Phyg.  S. 

1875  Cole,  C.  J.  . 

1896  Coles  Henry     . 

1898  Coles,  Walter  James  . 
1891  Collins,  A.  Charles    . 

1899  Collins,  Wm.     . 
1894  CoLLYER,  Alfred 

1897  CoLSON,  Thomas  Morland 

1890  CONNELL,  F.  R.   . 

1896  Conner,  Henry 

1898  Constable,  Arthur  D. 


1893  Cook,  Alexander 

1898  Cook,  Ernest  Rider     . 

1900  Cooper,  Arthur  Reginald 

1897  Cooper,  Geo.  William  . 


131,  Bedford  Road,  Clapham,  S.W. 

11,  Scarborough  Road,  Finsbury  Paric, 

N. 
Phconix  Electrical  Works,  Phoenix  St., 

Derby. 

8,  Acton  Square,  Peel  Park,  Manchegter. 
5,  Osborne  Mansions,  WlUesden  Greeo, 

N.W. 
Oxley  House,  Wolverhampton. 
R.  M.  Academy,  Woolwich,  S.E. 

7,  King  Street,  Newcastle,  Staffs. 
Chelsea    Electricity    Supply    Company. 

19,  Cadogan  Gardens,  S.W. 
4,  Hawkwood  Villas,  Chingford. 
36,  Alfred  Road,  Claughton,  Birkenhead. 

9,  Nelson     Street,    Broughton,    Man- 

chester. 

Care  of   The  British    Aluminium  Co., 

Limited,  Foyers,  N.B. 
Care    of     Westralian     Electric    Light 

Supply    Co.,    Coolgardie,    Western 

Australia. 
Osborne    Lodge,    Cinnamon     Gardens, 

Barnes  Street,  Colombo,  Ceylon. 

10,  Nevem    Mansions,    EarVs    Court, 
S.W. 

94,  Cornwall  Gardens,  South  Kensiog- 

ton,  S.W. 
Eastern  Extension  Telegraph  Company. 

Penang,  Straits  Settiements. 


61,  Old  Broad  Street,  E.C. 

28,  Lancashire  Road,  Bishopston,  BristoL 

Care  of  C.  O.  Palmer,  Esq.,  St.  Lambert, 

'     Montreal. 
"  Tyntesfield,'*  Flax  Bourton,  Somerset. 
146,  Fleet  Street,  E.C. 
Ballybricken,  Monkstown,  Co.  Cork. 
129,  Birchanger  Road,  South  Norwood, 

S.E. 
Care  of  David  Cook,  Esq.,  St.  Andrews 

Chambers,     165,     Queen     Victoria 

Street,  E.C. 
60,  Derby  Road.  West  Croydon,  S.W. 
London   Electric    Supply    Corporation, 

Stowage  Wharf,  Deptford. 
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1893  GooPEB,  T.  M.A. 
1883  CooPKB,  V.  B.  D. 
1898  CooTE,  Edward 

1890  CooTE,  J.  F. 

1891  Copland,  CD.. 

1896  CoRiN,  Valentine 

1898  CoRNEiLLB,  John 

1899  CoRMiCK,  James 

1899  CoRRiNOHAM,  Georob  Henrt 

1890  OossoR,  Alfred  C. 

1898  CoTON,  Charles  . 
1885  Cottrell,  W.  H. 

1900  courtier-forster,  t.  p. 

1894  CouzENB,  Harold  Wm. 
1885  Cowan,  J.  H.,  Major,  R.  E. 

1897  CowLES,  G.  A.    . 

1891  Cox,  Arthur  Wiluam  . 
1891  §Cox,  Ernest  Spencer  . 
1894  Craddock,  J.  R. 

1899  Crampton,  Reginald  T.  J. 

1899  Craio,  John  Robert 
1887  Crawford,  Francis  C.  . 

1897  Crawford,  Walter  Wm. 

1891  Crawter,  Frank  W.      . 

1893  Croft,  Wm.  John 

1878  §Crofton,  Edward 

1900  Crompton,  Claud 
1884  Crookes,  Joseph 
1899  Crookes,  Samuel 

1893  Cross,  Harold  G.  E.  . 
1891  Crosslet-Jones,  Noel  . 

1894  Crouch,  Sidney 


1883  Crowe,  John  T. 

1889  Crowe,  Percy  Barby 

1897  CuBiTT,  A.  S.      . 

1878  Cuff,  J.  Clement 


,     Spring  Valley,  St.  Albans,  Herts. 

Broadway  House,  Westminster,  S.W. 
.    "  Harleyford,",  The  Avenue,  '*  Sti  Mar- 
garet's," Twickenham,  Middlesex. 
Engineer-in-Chief's      Dept.,      National 

Telephone  Co.,  Oxford  Court,  E.C. 
24,  Kensington  Place,  Maindee,  Newport, 

Mon. 
Anchor  Foundry,  Penzance. 
.    112,  Grosvenor  Road,  S.W. 
Electric  Telegraphic  Department,Sydney, 

N.S.W. 
Electric  Light  Works,  Northampton. 
67,  Farringdon  Road,  E.C. 
,    144,  Lakedale  Road,  Plumstead,  S.E. 
Eastern  Telegraph  Co.,  Syra,  Greece. 
Central  Electric  Light  Station,   Abbey 

MiUs,  West  Ham,  E. 
20,  Newton  Mansions,  West  Kensington. 
"  Warden  View,"  Totland  Bay,  Isle  of 

Wight. 
"  Myahgah,"  Mosman,  Sydney,  N.S.W. 
Highfield  Works,  Feltham,  Middlesex. 
22,  St.  James'  Square,  Bath. 
c/o  A.   E.    Shorter,    Esq.,    68,    Garden 

Reach,  Calcutta. 
3,  Princes  Mansions,  Victoria  Street,  S.W. 
Croydon,  Victoria,  Australia. 
India-Rubber,  Gntta-Percha,  and  Tele- 
graph Works  Co.,  Silvertown,  E. 
91,  Pitt  Street,  Sydney,  N.S.W. 
**  Groteeby,"  Blackheath. 
36,  Rowfant  Road,  Balham,  S.W. 
45,  West  Cromwell  Road,  Earl's  Court, 

S.W. 
•*  Thriplands,"  Kensington  Court,  W. 
Ill,  Elgin  Crescent,  Netting  Hill,  W. 
Thanet  Street,  Claycross,  Chesterfield. 
56,  Dumford  Street,  Stonehouse,  Devon. 
104,  Embleton  Road,  Lewisham,  S.E. 
Care  of  Messrs.  J.   H.   Holmes  &  Co., 
'^Examiner*'  Buildings,  Strutt  Street, 
Manchester. 
Eastern    Telegraph    Company,  50,   Old 

Broad  Street,  E.C. 
27,  Old  Queen  Street,  Westminster,  S.W. 
85,  Tyrwhitt  Road,  St.  John's,  S.E. 
Easteru      Ezteasion      Telegraph      Co., 
Singapore. 
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1898  Cunningham,  Chables  James  . 
1888  CuBBA,  John  W. 

1892  CuBtis,  Abthub  H. 

1886  Cubtib-Haywabd,  A.  C,  B.A. 

1899  CuBTEis,  A.  F.  R. 
1890  CusHNEY,  John  . 

1899  CUTHBEBTBON,  JaMES  EdWABD  . 

1896  Cutting,  Geoboe  Hawkins 


131,  Sheringham  Avenue,  Manor  Park,  E. 
aO,  Dalmore  Bead,  West  Dulwich. 
10,  Suffolk  Street,  Dublin. 
21,  Bedford  Row,  W.C. 
66,  Victoria  Street,  S.W. 

Devon  House,  34,  Caithorpe  Street,  Gray  « 

Inn  Road,  W.C. 
Parliament   Works,  Parliament  Street, 

Derby. 


1895    Dadge,  Nelson 

1899    Daffobn,  Fbedebick  Chables 

1888    Dale,  Chas.  J.   . 


1890 
1900 


Dale,  E.  R. 
Dale,  Sydney 


1897  Dale,  Wm.  J.      . 

1891  Dalton,  Fitzgebald  V. 
1897  Dalton,  F.W.    . 

1897  Danibll,  Walteb  Fbancis 

1871  DANVERS,  F,  C. 
{Hon.  Atiditor) 

1898  D' Abcy,  Abthub  Vivian  Mebvyn 

1888  Dabby,  J.  C.  H. 

1883  Dabby,  Robebt 

1896  §Dabbah,  Henby  M. 

1892  §Daubeny,  E.  C. 

1897  Davidson,  Alex. 
1891  Davidson,  Abchie 

1896  Davidson,  Hugh  Samuel 

1898  Da  vies,  Cecil  Bebtband 

1877  §Davies,  David  . 

1898  §  Da  vies,  Fbancis  Edwabd 

1894  §  Davis,  Clement  Fbedebick    . 


IOn,  St.  Andrews  Street,  Edinburgh. 
Clyne  Villa,  Canning  Crescent,   Wood 

Green,  N. 
"Denby,"    Haalemere    Road,     Croach 

Hill,N. 
Crane  Villa,  Crane  Street,  Salisbury. 
Messrs.     W.     Summerscales    &    Sons, 

Pbceniz  Foundry,  Keighley. 
St.  Luke's  and  Clerkenwell  Generating 

Station,  Oak  Wharf,  City  Road,  K.C. 
Dean  House,  Dean,  Kimbolton. 

18,  Sisters  Avenue,  Clapham  Common, 

S.W. 
Hazel  Dene,  Addlestone. 

"Medina  Lodge,"  Ravensconrt  Square, 

Ravenscourt  Park,  W. 
Eastern  Extension  Telegraph  Company, 

Singapore. 
Eastern  Extension  Telegraph  Company, 

Low  Head,  Tasmania. 
"  Holme  Lea,"  Hawthorn  Grove,  Heaton 

Moor,  near  Stockport. 
283,  George  Street,  Sydney,  N.S.W. 
Casilla,  229,  Lima,  Peru. 
-Care  of  Messrs.  W.  T.   Glover  &  C^., 

Trafford  Park,  Manchester. 
62,  Geraldine  Road,  Wandsworth. 
Assistant    Engineer,    Hobart    Electric 

Tram  Co.,  Hobart,  Tasmania. 
7,  Redwald  Road,  Clapton  Park,  N.E. 
61,  Tregunter  Road,  S.W. 

89,   Shooter's    Hill    Road,   Blackhcath, 
S.E. 
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1899  Davis,  Charles  M. 

1899  Davis,  George  . 
1898  Davis,  Lsslie  Foster 

1892  Davy,  W.  J. 

1895  Dawkins,  II.  McGiLLiv 

1889  Dawson,  James 

1900  Dawson,  John  Edward 
1900  Dean,  G. 
1900  De  -Haviixand,   Ivon  Moi-.es 

WORTH 

1898  De  Lacy,  Howard  Kyan 

1897  Dennis,  Arthur 

1900  Densham,  William 

1897  De  Tcyll,  Baron  Fred.  Wm. 
1888  §Devey,  a.  C.      . 

1892  Devonshire,  J. 

1900  Dewhirst,  Percy 

1898  De  Winton,  Walti 

1899  Dickson,  E.  H.  L. 

1900  Dickson,  J. 
1897  DiGBY,  Wm.  Pollard 


Electricity    Works,    Buccleuch    Street, 

Barrow-in-Fumess. 
34.  Victoria  Street,  S.W. 
Jamaica  Electric  Light  &  Power   Co., 

Ltd.,  Kingston,  Jamaica. 


Buenos  Ayres  and  Bosario  Railway, 
Buenos  Ayres. 

3,  Gloucester  Terrace,  Armley  Road, 
Leeds. 

Care  of  Messrs.  Dick  Kerr  &  Co.,  Strand 

Boeui,  Preston. 
Crux  Eastor,  Whitchurch,  Hants. 

Irlam  House,  Sea  View  Road,  Liscard, 
Cheshire. 

23,  Billiter  Street,  E.C. 
40,  Wellington  Road,  St.  John's  Wood, 

N.W. 

Schoonenberg,  Velsen,  Holland. 

43,  Redcliife  Gardens,  South  Kensing- 
ton, S.W. 

2,  Stafford  Terrace,  Phillimore  Gardens, 
W. 

24,  Birley  Street,  Blackpool. 
1898     De  Winton,  Walter  Harding.    63,  Victoria  Street,  S.W. 

4,  Christchurch  Villas,  Malvern  Road, 
Cheltenham. 

Postal  Telegraphs,    Aldborough   House, 

Dublin. 
Care  of  Messrs.  W.  Hutchinson  &  Co., 

Trafalgar  Buildings,  Charing  Cross, 

S.W. 
Assistant   Electrical    Engineer,   Ceylon 

Technical  School,  Colombo,  Ceylon. 
58,  Leigh  Road,  Highbury,  N. 

74,  Bartholomew  Road,  Camden  Road, 
N.W. 

"  The  Woodlands,"  Harehills,  Leeds. 

7,  Pemberton  Drive,  Bradford. 

Cable  Ship  •'  Minia,"  Nova  Scotia. 

222,  Oude-Delft,  Delft,  Holland. 

80,  Wellesley  Road,  Croydon. 

61,  Kedleston  Road,  Derby. 

116,  Great  Portland  Street,  W. 

Care  of    Messrs.   J.   8.  Leach    &    Co., 

Broughton     Bridge     Iron     Works, 

Saiiord. 


1899  DissANAiKE,  Edwin  S.    . 

1900  DixEY,  Alfred  N. 

1898  Dixon,  Edward 

1894  §  Dixon,  F.  C.       . 

1895  §  Dixon,  Rowland  Edward 

1899  Dixon,  W.  C.  . 
1892  DoDD,  Maynard 
1891  §DoiJER,  Huibert 

1898  Donaldson,  John  Muir 

1891  Donne,  F.  m'.     . 

1896  DoNNisoN,  Fred.  A. 
1891  Donovan,  Edward  W.  . 
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1894  DouoHTT,  Chables  Howabd 

1886  §DocoLA6B,  Abchibald  . 

1895  DowNiE,  Chables  Makitisbs 
1895  Dowse,  Percy,  \V. 

1898  Dowsos,  Abthcb  Henby 

1882  DowsoN,  J.  Emebson     , 

1874  Dbapeb,  Geoboe 


1890  Drew,  J.  W.       . 

1898  §Dbuce,  Wm.  Havilland 

1891  §Dbummond,  H.  H.  J.  \V. 

1899  Dbumhond,  George  Richabd 

1900  Druby,  Guy  Lyndon 
1900  Dbyburoh,  a.  p. 

1895  Drysdale,  Charles  Vickery  . 

1875  DucLOY,  Jacques  F. 

1897  DuDDELL,  William 

1898  DuESBURY,  Trevor 

1895  DuMABESQ,  Lieut.  A.  H.,  K.E.  . 

1691  dumbrell,  j.  a. 

1897  Duncan,  Edward  MacGbegob 
1890  Dunn,  G.  B.        . 

1898  DuBNPOBD,  Chables  Wbight  . 
1897  DuBBAN,  Richabd  Thomas 

1893  DuRTNALL,  William 

1894  DwYER,  John  Charles  . 


Vestry  Offices,  Town  HaU,  Old  Sinet, 
E.G. 


33,  Homefield  Road,  Chiswick. 

"  Widcombe       House,"        Brislington, 

Bristol. 
39,  Old  Queen  Street,  Westminster,  S.W. 
Secretary,  Eastern  Telegraph  Company, 

Winchester    House,  50,  Old  Broad 

Street,  E.C. 
20,  St.  Petersburg  Place,  Bayswater,  W. 


42,  Wellington  Road,  Old  Charlton, 
Kent. 

112,  Rathgar  Road,  Dublin. 

Corporation  Electricity  W^orks,  Don- 
caster. 

1,  St.  Albans  Villas,  Highgate  Road,  N.W. 

'*  Villa  Grisnez,"  Cap  Grisnez,  Pas  de 
Calais,  France. 

47,  Hans  Place,  S.W. 

The  County  of  London  and  Brush  Pro- 
vincial  Electric  Lighting  Co.,  Ltd^ 
Oak  Wharf,  City  Road,  E.C. 

63,  Silverdale,  Sydenham,  S.E. 


41,  Bennett  Park,  Blackheath. 

21,  Victoria  Terrace,  Bromham  Road, 

Bedford. 
24,  Kingston  Road,  Ilford  Lane,  Ilford, 

Essex. 
Care  of   Messrs.   Grindlay  &   Co.,    56, 

Pariiament  Street,  S.W. 


1877  Earle,  Edwabd 

1896  Eboball,  Alfred  Cecil 

1899  Edgar,  Francis  James  . 

1887  Edgab,  H.  S.       . 

1895  Edmondson,  John  Alfbed 


Anglo  Cable  Office,  50,  Frederick  Street, 

Edinburgh. 
104,  Upper  Tulse  HiU,  S.W. 
The  R.I.E.  College,  Cooper's  Hill,  Staines. 
Government     Telegraph      I^partment, 

Melbourne. 
Globe  Electrical  Works,  KirkstaU  Road. 

Leeds. 
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1900  Edmunds,  Walter  Bawcutt 

1894  Edwards,  H.  J. 

1878  §Edwards,  J.P.    . 

1893  Egoers,  Frederic  Theodor 

1889  Eley,  Harris  H. 

1889  Elliott,  James  Mountjoy 

1898  Elliott,  John  Edward. 

1888  Elwin-Coles,  John 

1892  Ely,  Pourd 


1898  Endacott,  Norman 

1898  Enright,  jAMfes  Stephen 
1890  Esskildben,  Max  K.      . 

1899  Etlinger,  George  E.   . 


1896  Euler,  Louis  Henry 

1896  Evans,  Arthur  P. 

1899  Evans,  Evan      . 

1872  Evans,  Frederick  E. 

1900  Ewart,  John  W. 

1897  EwiNG,  Sydney  E.  T. 

1877  Eymers,  p.  C.     . 

1898  Eynon,  George  L. 
1896  Eynon,  Walter 


City  Power  Station,  Osbom  Street,  Hull. 

44,  Ontario  Street,  Cleveland,  Ohio, 
U.S.A. 

Engineer  and  Electrician,  Postal  Tele- 
graphs, Capetown. 

11,  Portland  Place,  W. 

National  Telephone  Co.,  25,  Hindpool 
Boad,  Barrow-in-FumesB. 

22,  York  Road,  West  Norwood,  S.E. 

"Llewellyn,"  West  Chislehurst  Park, 
Eltham,  Kent. 

India-Rubber,  Gutta-Percha,  and  Tele- 
graph Works  Co.,  Silvertown, 
Essex. 

•*  St.  Lawrence  House,"  Ashburton, 
South  Devon. 

202,  HoUand  Road,  W. 

Great  Northern  Telegraph  Co.,  3,  St. 
Helen's  Place,  E.G. 

Care  of  Messrs.  Boustead,  Bros.,  Elec- 
tricity Department,  Colombo, 
Ceylon. 

7,  Vicarage  Lane,  Stratford,  E. 

Regan  Street,  Stratford,  Taranaki,  New 
Zealand. 

Postal  Telegraphs,  Birmingham. 

46,  Dartmouth  Park  Hill,  N.W. 

Care  of  Blackheath  and  Greenwich  Dis- 
trict Electric  Light  Co.,  87,  Tranquil 
Vale,  Blackheath. 

34,  Woodland  Terrace,  Charlton,  S.E. 

14,  Victoria  Street,  S.W. 

Care  of  Calder,  18,  Spittal  Street, 
Edinburgh. 


1891  Facien,  Edward  de 

1890  Fairfax.  J.  S.    . 

1872  Falck,  a.  .  .  . 

1896  Falgonar,  Oswald  L.  . 

1895  Falshaw,  Captain  F.  Dennett. 

1895  Falshaw,  Reginald 

1893  Farr,     Clinton     Coleridge, 
B.Sc.,  Assoc.  M.  Inst.  C.E. 


14,  Boulevard  Pasteur,  Paris. 

87  and  39,  Essex  Street,  Strand,  W.C. 

Great    Northern    Telegraph    Company, 

Gothenburg,  Sweden. 
46,  Cloth  Market,  Newcastle-on-Tyne. 
Casilla,  76,  Callao,  Peru. 
17,  Princes  Street,  Harrogate. 
Lincoln,  Christchurch,  New  Zealand. 
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1891  §Fawckneb,  H.  H. 

1896    Feabon,  H.  D.    . 

1896    Felcb,  Dennis  Herbebt 

1890    Fenn,  Ebnest  Jas. 


1897  Fbnkell,  WiiiiiiAM 

1899  Febquson,  William  John 

1897  Field,  Allan  Bebtbam 

1893  Field,  Howabd  . 

1894  Field,  Michael  Bibt    . 

1895  Fielding,  Cobnelius  Fbancis  , 
1897  Fielding,  John  William 

1899  Finch,  Geobge  . 

1894  Finlay,  Abchibald  Henby 

1894  Finlay,  William,  Jun. . 

1888  Fischeb,  Sir  H.  C,  C.M.G. 

1890  Fish,  W.  C.         . 

1884  Fishenden,  E.  G. 

1888  Fisheb,  C.  S.  Dalton    . 

1891  Fisheb,  H.  C.  K. 

1889  Fisheb,  W.  Clabk 

1896  Fleetwood,  Henby  Okazaki   . 

1896  Fleming,  Edwabd  Gbaham     . 

1900  Fletcheb,  James  Young 
1900  Flett,  Geo. 

1896  Flew,  Fbed.  Richabd  . 

1896  Flood,  G.  S.       . 

1897  FiiOWEB,  John  Wm. 

1900  Floweb,  Spencer 

1898  §Foinette,  T.  W. 

1885  §FoBD,  F.  W.        . 

1891  Forde,  Henry  B. 

1877  FoBSHAW,  Alfred  C.    . 

1889  Foster,  H.  L.  T. 

1898  Foster,  John  Arnold   . 


24,  Brook  Street,  S.E. 

Stanhope  Lodge,  Heme  Hill,  S.E. 

Tarajub    Tea    Estate,  Tezpore,  Assam, 

India. 
Care    of  Messrs.  J.   Chambers  &  Son, 

Fort       Street,      Auckland,      New 

Zealand. 
8,  Femdale  Koad,  Leytonstone. 
Electricity  Works,  Redditch. 
66,  Pepys  Road,  New  Cross,  S.E. 
38,  Mincing  Lane,  E.C. 
94,  Hyndland  Boad,  Kelvinside,  Glasgow. 
89,  Patrick  Street,  Cork. 
59,  Dair>'house  Road,  Derby. 
81,   Embankment    Chambers,    Charing 

Cross,  S.W. 
••  Willesden,"     Holywood,     Co.     Down, 

Ireland. 
77,  Great  King  Street,  Edinburgh. 
*'  Southover,"  South  Hill  Park,  Bromley, 

Kent. 
Care  of  General  Electric  Company,  Lynn, 

Mass.,  U.S.A. 
175,   Pentiman    Road,  Vauxhall    Park. 

S.W. 

Eastern  Extension  Telegraph  Company, 

Singapore. 
24,  Albany  Road,  Ealing. 
Lighting    Station,    Head    Post    Office, 

Cardiff. 
Tower    House,    South    HiU,    Bromley, 

Kent. 
Grosvenor  Lodge,  Rathgar,  Dublin. 
110,  Cannon  Street,  E.C. 
83,  North  End  Road,  West  Kensington. 
7,    Swallowfield    Road,    Old    Charlton, 

S.E. 
Northampton     Institute,     Clerkenwell, 

E.C. 
Middle  Hill,  Broadway,  Worcester. 
306,  High  Road,  Lee,  S.E. 
"  Waratah,"  Onslow  Gardens,  Walling- 

ton,  Surrey. 
Hansa  Ring,  98a,  Koln,  Germany. 
Direct  United  States  Cable    Company, 

39,  Mark  Lane,  E.C. 
Care  of  M.  Lonffridge,  Esq.,   12,  King 

Street,  Manchester. 
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1898  Foster,  Lln.  Lloyd     . 

1899  foulds,  bobebt 

1898  PouBNiss,  Charles  Walter 

1896  Fowkes,  Frederic 

1899  Fowler,  Cecil  . 
1882  FoxcROFT,  William  M. 
1896  FoY,  F.  B. 

1892  Francis,  Arthur  H.  II. 

1898  Franki,  Robert  J.  N.    . 

1896  Frankish,  John  Ravkn 

1896  Franklin,  Edwin  Stanley 


1897  Eraser,  Andrew 
1886  Eraser,  James  . 
1876  Eraser,  W.J.    . 

1894  Freeman,  Oliver 

1891  French,  Archibald  John 
1880  French,  S.  R.     . 

1894  Erewer,  Robert  Charles 

1892  Fryer,  W.J. 

1895  Fuller,  G.  J.  A. 

1886  Fuller,  John  Leslie   . 

1895  Fuller,  Leonard 

1898  Fuller,  Robert  Fleetwood 

1896  eullerton,  robert  arthur 

1893  Fulton,  Thomas  Crichton 
1889  Fulton,  William 

1898  Eyers,  Evan  W.  H.,  B.A. 

1900  Fyfe,  Alexander  McAha 


Corporation  Electricity  Works,  Newport 

(Men.). 
Ivy  Lea,  Somerset  Road,  Almondbury, 

Huddersfield. 
16,  Redesdale  Street,  Tedworth  Square, 

S.W. 
"  Hawkestead"  Ambleside. 
87,  Buckingham  Road,  Brighton. 
86,  Percival  Street,  E.C. 
St.  Vincent,  Cape  de  Verde  Islands. 
16,  Spencer  Park,  London,  S.W. 
Denmark  House,  Hales  Street,  Coventry. 
Town  Hall,  Melbourne. 
Care  of  Messrs.  Siemens,  Bros.  &  Co., 

District     Railway    Station,    Earl's 

Court,  S.W. 
Relay  Station,  Haverfordwest 
Relay  Station,  Morfa  Nevin,  Pwllheli. 
Direct     Cable     Company,     Rye,    New 

Hampshire,  U.S.A. 
Municipal    Technical    Institute,  Ports- 
mouth. 
6,  Fordyce  Road,  Lewisham  Park,  S.E. 
Postmaster-General  General  Post  Office, 

Cape  Town, 
*•  Ivy  Cottage,"  Fairfield  Road,  Charlton, 

S.E. 
Boyndon,  Maidenhead. 
Woodland  Works,  Wick  Lane,  Old  Ford 

Road,  Bow,  E. 
9,  Red  Lion  Court,  Cannon  Street,  E.C. 
Woodland  Works,  Wick  Lane,  Old  Ford 

Road,  Bow,  E. 
Neston  Park,  Corsham,  Wiltshire. 
32,  St.  Vincent  Crescent,  Glasgow. 
44,  West  George  Street,  Glasgow. 
Postal  Telegraphs,  Glasgow. 

19,  York  Place,  Perth,  N.B. 


1892  Gahaoan,  Arthur  Yates 
1894    Gall,  John  R.   . 

1893  Gambrbll,  Tom  E. 


Eastern  Extension  Telegraph  Co., 
Malacca. 

The  National  Telephone  Co.,  Oxford 
Court,  Cannon  Street,  E.C. 

"  Grasmere,"  Allfartbing  Lane,  Wands- 
worth, S.W. 
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1896  Gami^n,  Robebt  Lobaine 

1891  Gandil,  ViGOO  . 

1890  Gabfield,  a.  S. 

1898  Gatbill,  a.  F.  Malyon 

1900  Gabton,  Edwabd 

1898  Gauhtlbtt,  Reginald  Wilson 

1897  Gaze,  Habby  Philip     . 

1890  Gebhabdi,  C.  H.  W.      . 

1899  Gibbons,  A.  C.    . 

1900  Gibbons,  John  Bebtbam 

1894  §  Gibson,  Abthub  H. 

1895  Gibson,  Gebald  Douglas 

1894  Gibson,  J.  K.     . 

1900  Gibson,  Joseph  Kayneb 

1898  Gibson,  Bobbbt 

1889  Gideon,  E.  T.     . 

1892  GiLBEBT,  C.  E.  G. 
1886  GiLBEBT,  John  . 

1881  §  GiLBEBT,  John  J. 

1898  GiLBEBT,  Ubban  B. 

1894  Giles,  Ebnest  Alfbed 

1886  Gill,  Abthub  B. 

1900  Gill,  Sib  David,  K.C.B.,  F.R.S. 

1891  GiLMOUB,  Robebt 

1890  GiBDLESTONE,  J.  O. 

1898  Gibling,  Habby  Pebcy 

1898  Gladstone,  Habold  Steuabt  . 

1877  Gleqg,  Alexandrb 

1898  Glynn,  H.  Justice 

1899  Goad,  Chas.  Ebnest 

1896  Goddabd,  Stanley  J.    . 

1897  GoLDiNG,  James  Leonabd 

1900  GOLLEDGE,  WM. 


Electricity  Works,  West  Street,  Bromley, 

Kent. 
Care  of  Messrs.  Bewicke  &  Wulffsbhn, 

Bankers,  Vancouver,  B.C.,  Canada. 
10,  Rue  de  Londres,  Paris. 
"Unsworth,"     Piley     Avenue,     Upper 

Clapton,  N. 
89,  Josephine  Avenue,  Brixton,  S.W. 
23,  Dartmouth  Hill  Park,  N.W. 
Care    of    St.    James's   and    Pall    Hall 

Electric  Light  Co.,  Camaby  Street, 

Golden  Square,  W. 
51,  Uplands  Road,  Stroud  Green,  N. 
c/o  Messrs.  Christian  &  Phipps,  Hampton 

Wick. 
103,  Gloucester  Road,  S.W. 

Electric    Light    Station,  Fleet    Street, 

Dublin. 
Eastern  Extension  Telegraph  Co.,  Port 

Darwin,  South  Australia. 
3,  Church  Lane,  Dublin. 
Eastern  Telegraph  Company,  Malta. 
38,  Gordon  Road,  Ealing,  W. 
Chingford,  Essex. 
Lispector    of     Tel^^raphs,    Kimberley, 

South  Africa. 
72,    Cambridge    Street,    The    Gresoent, 

Birmingham. 
"  Cantley,"  Tunbridge  Wells. 
The  Eastern  and  South   African  Tele- 
graph Co.,  Zanzibar. 
"  Glencot,"  Blackheath  Park,  Kent. 
Royal  Observatory,  Cape  Town. 
National  Telephone  Co.,  16,  High  Street, 

Belfast. 
16,  Davies  Street,  Berkeley  Square,  W. 
Boxmoor,  Queen  Street,  Chelmsford. 
84,  Brechin  Place,  S.W. 
Care  of  Messrs.  Bo  wen  &  Co.,  Phoenix 

Foundry,  Mount  Pleasant,  Clerken- 

well. 
Mere     Lodge,    18,     Dowsett     Avenue, 

Southend-on-Sea. 
63,  New  Broad  Street,  E.C. 
The    National   Telephone    Co.,    Oxfoni 

Court,  Cannon  Street,  E.C. 
Aberoom  Street,  Bulawayo. 
Royal  Agricultural  Hall,  London. 
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1893  GOODCHILD,  Waltbb  C. 
1889  GooDHALL,  H.  C.  A.       . 

1888  Goodman,  S.  S.  . 

1880  Goodsall,  Captain  W.  . 

1897  GooDsiB,  A.        .  .  . 

1898  Gordon,  Douglas 

1900  Gordon,  G.  P.  C. 

1898  Gordon-Smith, Arthur  Thomas 

1897  Gore,  William 

1881  Grace,  C.  H.      . 
1877  Graham,  Alfred 

1898  §  Graham,  Ernest  Vincent 

1894  Granger,  Bernard  Booth 

1899  Graham,  Frank 

1899  Graham,  H.  B.   . 

1898  Grant,  Selwyn  Seafield 

1891  Grave,  Herbert  db 

1892  Grave,  Lancelot  W.  de 

1899  Gray,  Daniel    . 

1899  Gray,  James 

1899  Gray,  James  Hunter   . 

1896  Gray,  John,  B.Sc. 

1887  Gray,  John,  B.Sc.,A.KS.M.    . 

1885  Greener,  W.  B. 

1900  Green,  Edward 

1898  Green,  Gilbert  Holt  . 

1899  Green  ALL,  E.  B. 

1900  Greensmith,  Ernest  Joseph  . 

1898  Greeves,  Owden  V. 

1888  Greey,  Bobebt  . 

1899  Gregory,  J.  P.,  Jun.     . 

1897  Gregory,  Victor  Herbebt     . 

1896  Gbesbwell,  Hebbebt  Henby  . 

1897  Gbey,  Wm.  James 


Electrical  Department,  Midland  Rail- 
way, Derby. 

Indian  Government  Telegraph  Depart- 
ment, Agra. 

7,  Hardy  Road,  Westcombe  Park,  S.E. 

'•  Chiltem,"  Tankerton  Road,  Tankerton, 

near  Whitstable,  Kent. 
Broome,       Roebuck       Bay,       Western 

Australia. 
29,    Fellows  Road,   South  Hampstead, 

N.W. 

I,  Tower  Hill,  Springbum,  Glasgow,  N.B. 
9,  Russell  Street,  Bolton,  Lancashire. 
44,  Inman  Road,  Harlesden,  N.W. 

The  Club,  Hong  Kong. 

23,De  Crespigny  Park,DenmarkHill,S.E. 

78,  Woodland  Terrace,  Charlton,  S.E. 

25,  All  Saints  Street,  Nottingham. 

12,  Ladbroke    Gardens,    Netting    Hill, 

W. 
Linden  House,  Gough  Road,  Edgbaston, 

Birminghskm. 

28,  St.  Mary  Abbot's  Terrace,  Kensington, 

W. 

8,  Stonehaven  Terrace,   Stanley  Road, 

Wakefield. 
All  Saints  Works,  Derby. 

9,  Esplanade,   Williamstown,  Victoria, 

Australia. 

5,  Allan  Street,  Dalmamock,  Glasgow. 

3,  Crown  Office  Row,  Temple,  E.C. 

25,  Cross  Street,  Manchester. 

H.M.  Patent  Office,  26,  Southampton 
Buildings,  W.C. 

Ivy  Bank,  Moore,  near  Warrington. 

The  R.I.E.  CoUege,  Cooper's  HUl,  Egham, 
Surrey. 

947,  Calle  Cuyo,  Buenos  Ayres. 

20,  Peel  Street,  Nottingham. 

49,  Heathcote  Street,  Nottingham. 

Portadown,  Ireland. 

Eastern  Telegraph  Company,  Win- 
chester House,  E.C. 

Testing  Dept.,  General  Electric  Co., 
Schenectady,  New  York,  U.S.A. 

29,  Shaftesbury  Road,  Ravensoourt 
Park,  W. 

II,  Elvy  Street,  Wakefield. 

7,  HiU  Street,  Rutland  Gate,  S.W. 
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1898  Gridley,  H.  J.  . 

1892  Griffiths,  Albert 

1900  Griffiths,  Harold 

1886  Grimes,  A.  J.  L. 

1898  Grimley,  Wm.  Richard  Nash 

1898  Grimsdale,  Wm.  H. 

1899  Grinyer,  W.  C. 

1897  Grogan,  Frederick  Simmons  . 

1897  Grosart,  David  McDowall    . 

1881  GCmpel,  C.  Godfrey 

1876  §GuRD0N,  Sir  William  B.,  C.B., 

K.C.M.G. 

1897  Guttridgb,  J.  Mason    . 

1888  Guy,  Arthur  F. 

1892  Guy,  George  Heli 


Moira  House,  Hampton  Wick. 
The  University  College,  Sheffield. 
"Thornbury,"  Woodbourne  Road,  Edg- 

baston,  Birmingham. 
Indian  Government  Telegraphs,  Srinagar, 

Kashmir. 
3,  Marlboro'  Road,  Ealing,  W. 
Ferry  House,  Twickenham. 
Science  Buildings,  Tunbridge  Schools. 
Corporation  Electricity  Works,  Belfast. 
"Bank    ViUa."    North    Circular    Road, 

Dublin. 
"  Troutbeck,"  8,  Elm  Road,  Beckenbam, 

Kent. 
Assington,  Colchester. 

10,  Fembank  Road,  Redlands,  Bristol. 
Engineering  Department,  G.P.O.,  Man- 
chester. 
120,  Liberty  Street,  New  York,  U.S.A. 


1895  Hadley,  Arthur  E. 

1877  Hager,  C.  W.     . 

1885  Haig,  H.  de  H.,  Major,  R.E.    . 

1894  Hailey,  Alfred  T. 

1899  Hainsworth,  C.  H. 

1900  Hakoumoff,  Alfred  Richard 
1890  Hale,  H.  G.  .       '     . 

1896  Halford,  Julian 
1890  Hall,  E.  A.        . 

1899  Hall,  Frederick  Thomas 

1890  Hall,  H.  Cuthbert 

1896  Hall,  Herbert  Hampton 
1898  Hall,  James 

1898  Hall,  Sydney  E. 

1897  Hamb,  John  Wm. 
1888  Hamilton,  Claud 

1897  Hamilton,  Frank  Tracy 

1897  Hamilton,  Patrick,  B.Sc. 

1898  Hammond,  Robert  Whitehead 


15,    Belgrave    Crescent,    Eccles,    l^Ian- 

chester. 
^lessrs.  Siemens  Bros.  <Sc  Co.,  Woolwich. 

S.E. 


80,  Pavilion  Road,  Sloane  Street,  S.W. 
c/o  Mrs.  Dell,  2,  Clonmel  Road,  Fulham, 

S.W. 
43,  Ormiston  Road,  Uzbridge  Road,  W. 

22,  Chepstow  Villas,  Bayswater,  W. 

61,  Uttoxeter  New  Road,  Derby. 

46,  Queen  Victoria  Street,  E.G. 

20,  Dalton  Road,  Liscard,  Cheshire. 

11,  Perrymead  Street,  Fulham,  S.W. 

82,  Norfolk  Road,  lUord,  Essex. 

Corporation  Electricity  Dept.,  Wigan. 

137,  Waterloo  Street,  Glasgow. 

4,  Priory  Road,  Kew. 

Care    of    J.  White,   Esq.,  66,   Victoria 

Street,  S.W. 
64,  Victoria  Street,  S.W. 
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189ff    Hampton,  Alpbed  8. 
1894    Hambon,  C.  J.  Whistler 
1879    Harben,  Alfred 


.    25,  Killermont  Street,  Glasgow. 

24,  Harrington  Square,  N.W. 
.    3,  Belle  Vue  Terrace,   Charlton   Road, 

Blackheath,  S.E. 
.    Hampden    Residential    Club,    Phoenix 
Street,  N.W. 

1899    Habdbtone,  Stephen  Arthur  .    The    National    Telephone    Co.,   Oxford 

Court,  Cannon  Street,  E.C. 


1896    Hards,  Leo  Arthur 


1892  Hardy,  John  T. 

1894  §  Hardy,  William  Eversley 

1897  Harpur,  R.  C.     . 

1898  Harrington,  James 

1895  Harris,  Arthur  Frederick 

1899  Harris,  Leopold  J. 

1899  Harris,  William  Augustus 

1897  Harrison,  H.  H. 
1888  Harrison,  T.  H. 

1898  Harrison,  W.  P.  L. 


65,  Clare  Road,  Halifax. 

*•  St.  Oswalds,"  Alexandra  Road,  Upper 

Norwood,  S.E. 
Electric    Light    Station,    Park    Street, 

Dover. 
The  Edison-Swan  Electric  Light  Co., 

Ponder's  End,  N.E. 
57,  Acre  Lane,  Brixton,  S.W. 
77,  Sutherland  Avenue,  W. 
Suburban  Telephone  Co.,  Port  of  Spain, 

Trinidad. 
Care    of    Messrs.    Kdrting    Bros.,    53, 

Victoria  Street,  S.W. 
Belle    Vue,    The    Grove,  Wandsworth, 

S.W. 
"  Beaumond  Cross,"  Newark-on-Trent. 


1892    HARRi80N-ToPHAM,THOS.,Capt.,     "The  Warren,"  Shooter's  Hill,  S.E. 

R.E.,  D.S.O. 
1890    Hart,  G.  A.         .  .     . 


N-s.  )  Hartford,  S. 
A.  1900) 

1900    Hartley,  Frederick  Mason 
1899    Hartley,  William  Archbold  .    Cyclops  Works,  Sheffield. 


Postal  Telegraphs  Departmei\t,  Kingston, 

Jamaica. 
25,   Hoare    Street,  Higher  Broughton 

Manchester. 
Station  Grove,  Wembley,  Middlesex. 


1886    Hartvioson,  Ludwig  L. 

1886    Harvey,  Henry  S. 

1897  Harvey,  Lionel  Edward 

1898  Harvey,  Leonard  Charles 

1899  Harvey,  Herbert  Buchanan 
1890    Haslam,  T.  J.,  J.P. 

1874  §Hassard,  H.  S.,  Lieut.-Col. 

1886    Ha  WES,  F.  B.  O. 

1894     Hawkes,  Clifford 

1889  §Hawkin8,  W.  F.,  Major,  R.E. 

1898    Haws,  Herbert  Tyndale 


Great  Northern  Telegraph   Co.,  3,   St. 
Helen's  Place,  E.C. 

The  Vicarage,  Hounslow. 

Electric  Light  Station,  Edleston  Road, 

Crewe. 
38,  Grainger  Street  West,  Newcastlc-on- 

Tyne. 
Altadore,    Glenageary,  Kingstown,    Co. 

Dublin. 
Care  of    Major-General  Hassard,  C.B., 

Hoddesden,  Herts. 
1,   Wellington  Chambers,   Buckingham 

Gate,  S.W. 
10,  Castle  Square,  Brighton,  Sussex. 

c/o  R.  W.  BlackweU  &  Co.,  59,  City  Road, 
E.C. 
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1893  Hatcbaft,  Hermakh  Giabk     . 

1899  Hazzlbdine,  Henbt  Thornton 

1891  Healing,  L.  J.   . 

1894  Heap,  Arthur  C. 

1898  Hearne,  Samuel 

1888  Heabson,  Hugh  R. 

1899  Heffernan,  Thomas 

1896  Hellmam,  Hugh 

1899  Henderson,  Charles  Alex.     . 

1893  Henderson,  Dr.  John    . 

1889  Henderson,  W.  P. 

1899  Henderson,  Harry 

1900  Henderson,  W.. 

1900  Henrici,  E.  0.   . 

1900  Henriques,  David 

1899  Herbert,  Thomas  Ernest 

1897  Hermessen,  John  Louis 
1878  Herne,  Robert 

1881  Hesse,  Frederick  E.    . 


1897    Hewett,  Alfred  S. 

1897  Hewlett,  Harrt 

1898  Hewson,  Telford  John  Sydney 


1891  Heys-Jones,  G.  . 

1890  Heywood,  S.  H. 

1898  Hibberdine,  Edwd.  Benj. 

1893  Hibbebdine,  William   . 

1897  HiooiNS,  Albert 

1898  HiGGiNS,  Charles  Francis 

1397  Hioos,  Arthur  William 

1890  Hiohton,  E.  G.  . 

1899  HiOLEY,  Walter  Joseph 

1891  Hill,  A.  W. 
1887  Hill  Alexander 

1900  Hill,  G.  A.  H.    . 


25,  Holmewood  Gwdens,  Brixton  HDl 
S.W. 

15,  College  Street,  Nottingham. 
75,  Main  Street,  Yokohama. 

21,  Lee  Park,  Blackheath,  S.E. 
Public  Works  Department,  Madras. 
35,  Nanking  Road,  Shanghai. 
*'  Courtlands,"  Holland  Road,  Kensing- 
ton, W. 

Corporation  Elect.  Works,  Cotton  Street, 
Aberdeen. 

Genoa  Ledge,  Crescent  Road,  Wim- 
bledon. 

c/o  H.  S.  King  &  Co.,  45,  PaU  Mall,  S-W. 

55,  Carlton  Street,  West  Hartlepool. 

80,  Salcott  Road,  Wandsworth  Common, 
S.W. 

34,  Clarendon  Road,  Kensington,  W. 

Postal  Telegraphs,  Aldborough  House, 
Dublin. 

Engineering  Department  Postal  Tele- 
graphs, Manchester. 

83.  Cannon  Street,  E.C. 

Commercial  Cable  Co.,  Rockport,  Mass, 
U.S.A. 

Secretary,  Eastern  Extension  Telegraph 
Company,  Winchester  House,  50,  Old 
Broad  Street,  E.C. 

Trull,  Taunton,  Somerset. 

16,  Stansfield  Road,  Brixton,  S.W. 

Assistant  Engineer,  Bombay  Improve- 
ment Trust,  Albert  Buildings,  Bom- 
bay, India. 

12,  Addison  Gardens,  W. 

15,  Regent's  Park  Terrace,  N.W. 
Winchester  House,  Old  Broad  Street. 

E.C. 
24,  George  Street,  Euston  Road,  N.W. 
Care  of  Messrs.  Thomas  Richardson  A 

Sons,  Hartlepool. 
79,  Endwell  Road,  Brockley,  S.E. 
Eagle    Foundry,  Graham  Street,  City 

Road;  E.C, 

The  Edison-Swan  Co.,  Ponder's  End,  N. 

26,  West  Cumberland  Street,  Gla»>w, 
N.B. 

R.  A.  Mess,  Aldershot. 
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1873  *HiiiL,  Joseph  Tripp 
1900    HiNCKB,  J.  M.     . 


.    2,  Bellor  Vue.  Staines  Boad,  Hounslow. 
.    Mysore  Camp,  Manikuppanif  Kolar  Gold 

Fields,  Mysore  State,  S.  India. 
.     Controller    of    Stores    Office,    General 
Poet  Office,  E.C. 
Mount  Morgan,  Queensland. 
.    Accountant,  General  Post  Office,  Cape 
Town,  Cape  of  Good  Hope. 
1899    HoBBS,       Wm.       Bichardsom    H.M.S.  **  Vernon,"  Portsmouth. 
Pbotheboe 


1883    HiNTON,  W.G.    . 

1900    HiBST,  James      . 
1886  §HoAL,  Wm.  Thos. 


1895  HoBLEB,  Frederick  B. 

1891  §HocKiiET,  Norman  J.     . 

1900  HoDD,  H.  H.       . 

1889  HoDQKiN,  C.  E. 

1898  Hodges,  Herbert  Douolas 

1900  HOLBROOK,  T.       .    ^ 

1900  HoLDEN,  Christopher  . 

1899  HoLDOM,  BiCHARD  Ernest 
1885  holdsworth,  j.  g. 

1895  Holiday,  B. 

1890  HOLLINGS WORTH,  H.  C.  . 

1891  Holmes,  Ernest 
1895  Holmes,  Frank 
1890  Holmes,  Philip  . 
1884  Holmes,  William  A. 


o/o  Callender's  Cable  and  Construction 
Co.,  Ltd.,  Motherwell,  Scotland. 

c/o  P.  F.  Scanlan,  Esq.,  Armitage  Cham- 
bers, Victoria  Street,  Nottingham. 

"  Lowood,"  Crystal  Palace  Park  Boad, 
Sydenham. 

15,  Cyril  Mansions,  Battersea  Park,  S.W. 
28,  Larkhall  Bise,  Clapham,  S.W. 
Postal  Telegraphs,  George  Street,  Sligo, 

Ireland, 
c/o  A.  T.   Snell,  Esq.,   Sufifolk  House, 
Cannon  Street,  E.C. 

16,  Lichfield  Boad,  Cricklewood,  N.W. 
Post  Office    Telegraphs,  Newcastle-on- 

Tyne. 
Acton  HaU  Colliery,  Featherstone,  near 

Pontelract. 
Electric      Light     Department,     Great 

Western  Bailway,  160,  Westboume 

Terrace,  W. 
Care  of  Messrs.  Siemens  Bros.  &  Co., 

Limited,  Woolwich. 
"St.  Winifred's,"  Norbury,  Streatham, 

S.W. 
*•  Kynance,"  71,  Wood  Vale,  Forest  Hill, 

S.E. 
Telegraph  Branch,  Victorian  BaUways, 

Melbourne,  Victoria,  Australia. 

1899  HoLROYDE,  James  Noel  Cairn-    Stapleford  Vicarage,  Notts. 

cross 
1897    Hook,  Beoinald  Myles  .    Engineering  Dept.,  Postal  Telegraphs, 

York. 
1889    Hooker,  Geo.  S.  .  .    184,  Evaring  Boad,  Clapton,  N.E. 

1900  Hope-Jones,  Frank       .  .    32-34,  Clerkenwell  Boad,  E.C. 

1900    Hooper,  J.  F.  W.  .    "  Deepdene,"  Coventry  Park,  Streatham. 

1899    Hooper,  Beoinald  Archibald    c/o    Messrs.    King,    Hamilton    &    Co., 

Anderson  Calcutta. 

1897  $Hopkinson,  Bertram     .  .    26,  Victoria  Street,  S.W. 

1896    HoPTON,  Charles  Alfred         .    '*  Bollscourt,"  Bollscourt  Avenue,  Heme 

HiU,  S.E. 
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1897  Horn,  Albert  Alexander 

1891  HHoBN,  Thomas  Leopold 

1899    Hornby,  Benjamin  S.    . 

1895    HoBSLET,  James  Arthur  Ber- 
nard 

1895  HosER,  George  . 

1899  HosGOOD,  Nbmtell 

1900  HouNSFiELD,  Francis  C. 

1898  §HouGHTON,    Robert    Harold, 

B.Sc. 
1882    Howard,  Frank  G. 

1897  Howard,  Henley  Lionel 

1899  Howard,  A.  J.     . 

1888  Howell,  E.  J.    . 

1899  Howl,  Edmund  . 
1894    Huddleston,  Percy 

1889  Hudson,  E.  B.    . 

1898  HuGHMAN,  Robert  William 

1900  Hull,  Wm.  Geo. 
1893    Human,  Edwin   . 

1888    Human,  Henry.  . 

1899  Humphries,  Richard 

1896  Hunt,  Frederic  Osmond 

1897  Hunt,  Herbert  Francis 

1898  Hunter,  Thomas 

1890  'gHussEY,  W.  C,  Major,  R.E.    . 
1884    HuasoN,  LAon     . 

1898    Hutchins,  Frederick  . 
1898  §HuTroN,  John  Ernest  . 

1892  Hyde,  John  Derby 


"  Dhuuimore,"    The    Grove,    MoswcTi 

Hill,  N. 
Care  of  Messrs.  Siemens  Bros.  A  Co^ 

Limited,  Woolwich. 
Corporation    Electricity     W^orks,     Spa 

Road,  Bolton. 
St.  Peter's  Rectory,  Walworth,  S.E. 

Jerozolimska,  53,  Warsaw,  Russia. 
84,  Osbaldeston  Road,  London,  N. 
153,  Finborongh  Road,  S.W. 
•'  Redcot,"  MulgraTe  Road,  Croydon. 

7,  Langland  Man8ion8,Soath  Hampstead. 
N.W. 

Corporation  Electric  Works,  LUnartb 

Street,  Newport,  Mon. 
3,  De  Crespigny  Villas,    Grove  Lane, 

Camberwell,  S.E. 
The  Quarries,  near  Dudley. 
72,  Finsbury  Pavement,  E.C. 
Indian   Government  Telegraphs,  Vizs- 

gapatam. 
18,  Richmond  Gardens,  W. 
Pangboume,  Reading,  Berks. 
Halifax  House,  Robinson  Street.  Cinna- 
mon Gardens,  Colombo,  Ceylon. 
Guardian    Fire    Office,    11,    Lombard 

Street,  E.C. 
Electric    Power    Station,     Ballsbridge. 

Dublin. 
43,  Lord  Street,  Broughton.  Manchester. 
10a,  Featherstone  Buildings,   Holbom. 

W.C. 
11,     Suffield     Chambers,    79,     Daviek 

Street,  W. 
H.M.  Office  of  Works,  Storey's  C»ate,  S. W. 
45,  Avenue  Tnidaine,  Paris. 
13,  New  Clive  Road,  West  Dulwicb.  S.E. 
"  Solberge,"  Northallerton.  Yorks. 
Bloxham,  Banbury,  Oxon. 


1890    Iles,  C.  H. 

1898    Immisch,  Moritz  A. 


Woodbury,  Compton,  near  Wolver- 
hampton. 

South  American  Cable  Co.,  Pcrnamhuc  >. 
Brazil. 
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1898    Immibch,  Otto  CiiAUDe  . 
1893  §Ince,  Francis    . 

1900    Ince,  Sydney  Richard 


1895 
1893 


Ingram,  A. 
Ireland,  George 


1898    Irvine,  Henry  Wm.  Kennedy  . 
1890  §IvoR-MooRE,  Thos. 


102,  Tollington  Park,  N. 

15,    Netherhall    Gardens,    Hampstead, 

N.W. 
"  Homewood,"    Mount  Pleasant  Road, 

South  Tottenham. 
7,  Durham  Road,  Seaforth,  Liverpool. 
Eleotrical    Engineer,    Durban,    Natal, 

South  Africa. 
HoUiscroft,  Castelnau,  Barnes,  S.W. 

•*  Graiglea,"    Mount     Hermon      Road 
Woking,  Surrey. 


1895  Jacob,  A. 

1900  Jack,  John  Watson 

1895  Jackson,  Alfred  Edward 

1899  Jackson,  Alfred  George 

1893  Jackson,  Arthur 

1898  §  Jackson,  Francis  Alfred 

1883  Jackson,  H.  B.,  Captain,  R.N. 

1890  Jackson,  H.  P. 

1898  Jackson,  Robert  Wm.  . 

1899  James,  Henry  Vincent 
1882  James,  Sydney  . 

1890  Jamieson,  Hugh 


1894  Jeckell,  Joseph  Alexander 

1895  Jefcoat,  Charles,  A.R.C.Sc.I. 
1894  Jeffreys,  A.  G. 

1889  Jenkin,  C.  Prewen,  B.A. 

1899  Jenkins,  Walter 
1888  Jennings,  E.  J. 
1887  Jenvey,  Henry  W. 

1900  JoBBiNs,  Geo.  G. 

1896  Johnson,  R.  B.  . 

1897  Johnston,  Prank 


Carisbrooke  Lodge,  Muswell  Hill,  N. 
25,  Montpelier,  Viewforth,  Edinburgh. 
Care  of  Messrs.  Kincaid,  Waller,  &  Man- 

ville,  29,  Great  George  Street,  S.W. 
Adelaide  Street,  Brisbane,  Queensland. 
San  Agustin,  3  Dup°,  Madrid. 
Care    of    Messrs.    Ellis    &  Ward,    113, 

Edmund  Street,  Birmingham. 
H.M.S.        "  Vulcan,*'       Mediterranean 

Station. 
97,  Gresham  Street,  E.G. 
108,  South  Street,  Eastbourne. 
Croft  Street,  Pendleton,  Manchester. 
Eastern  Extension  Telegraph  Company, 

Penang,  Straits  Settlements. 
Superintendent-in-Chief,  African  Direct 

Telegraph   Co.,  Accra,   Gold  Coast 

Colony. 
Borough    Electrical    Engineer,    South 

Shields. 
Technical  School,  Limerick. 
Camera  Club,  Charing  Cross  Road,  W.C. 
4,  Vanbrugh  Park  Road  West,  Black- 
heath,  S.E. 
Care  of  Messrs.   W.  Watson  &   Co.,  8, 

Hornby  Road,  Bombay. 
Royal  Insurance  Buildings,  Newcastle- 

on-Tyne. 
Electrician,      Government      Telegraph 

Department,  Melbourne,  Victoria. 
Wrexham    Road,     Windsor,     Victoria, 

Australia. 
108,  Elgin  Cresent,  Notting  Hill,  W. 
•*  Beechcroft,"  Holy  wood,  near  Belfast. 
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1899  Johnson,  E.  H.  . 

1900  Johnson,  John  Henry  . 

1898  §  John  SON,  T.  B.   . 

1899  Johnstone,  Edward  Astley 

1900  Johnstone,  T.  F. 
1887  JoLiN,  Philip    . 

1898  JoLL,  Frederick  Watson 

1900  JoLY,  Henri  L. 

1890  Jones,  A.  W.      . 

1892  Jones,  Charles 

1893  §JoNES,  C.  Edward 

1900  Jones,  H.  Lewis,  M.D. 

1898  Jones,  Harry     . 

1881  Jones,  James  Haiq  D.  . 

1894  Jones,  John  William    . 

1895  Jones,  William  . 

1896  JoYNER,  Albert  Henry 


Victoria  Hotel,  Wigan. 

15,  Farmdale  Boad,  Westcombe  Park, 
S.E. 

6,  Penmartin  Road,  Brockley,  S.£. 

11  &  24,  Brookman's  Buildings,  Grenfell 
Street,  Adelaide. 

29,  Hambleton  Terrace,  York. 

85,  Narrow  Wine  Street,  Bristol. 

"  The    Hollies,"    Homcastle,    Lincoln- 
shire. 

20.  Alfred  Place,  W.C. 

Care  of  The  British  Thomson-Houston 
Co.,  88,  Cannon  Street,  E.C. 

Liverpool    Overhead    Railway  Co.,    31, 
James  Street,  Liverpool. 

41,  Handfield    Boad,  Waterloo,  Liver- 
pool. 

61,  Wimpole  Street,  W. 

135,    Constantine  Boad,   West    Hamp- 
Btead,  N.W. 

Eastern  Extension  Telegraph  Company, 
Singapore. 

Meter  Testing  Department,  West- 
minster Electric  Supply  Co.,  Mill 
hank  Street  Central  Station,  S.W. 

28,  Thoreshy  Street,  Hull. 

Atlantic  Avenue,  Boston,  Mass.,  U.S.A. 


1896  Keeble,  Charles 

1895  Kemp,  George  . 
1889  Kemsley,  Jesse  . 

1898  Kennett,  a.  J.  N. 

1896  Kenny,  Thos.  Richard  Davis  . 
1900  Kerr-Jones,  Theophilus 

1896  Kilpatrick,  James  Leqoatt    . 

1899  KiLROY,  Willie  Dickson 

1900  King,  H.  A.  P. 

1898  King,  Hugh  Sebastian 

1900  King,  Otis  C.  F. 

1873  King,  W.  F.,  F.R.S.E.  . 


National  Assurance  Co.  of  Ireland,  47, 
Comhill,  E.C. 

34,  Park  Street,  Camden  Town,  N.W. 

63  &  64,  Chancery  Lane,  W.C. 

61,Barfield  Road,  Pendleton,  Manchester. 

80,  Charlemont  Street,  Duhlin. 

Care  of  The  English  Electric  Manufac- 
turing Co.,  Ltd.,  Preston,  Lancashire. 

Care  of  Messrs.  Simens  Bros.  &  Co., 
Woolwich. 

H.M.S.  "  Andromeda,"  Mediterranean 
Station. 

*»Colwyn,"  28,  Crystal  Palace  Park  Raid, 
Sydenham,  S.E. 

South  Molton,  North  Devon. 

Membland  Hall,  near  Plymouth. 

Lonend,  Trinity,  Edinburgh. 
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1900  King,  Wm.  NoHl  Yobk 

1898  KiNGScoTE,  Thomas  H. 

1900  KiNSEY,  Albert  Thornley 

1898  Knight,  Frederick  Arthur 

1896  Knight,  Granville  C.  . 

1890  Knowleb,  C.  E.  . 

1887  Kynoch,  Jambs  . 


*•  St.  Heliers,"  Sydney  Road,  Walton-on- 
Thames. 

2,  Stanley  Boad,  Patricroft,  Man- 
chester. 

Engineer-in-Chief  s  Department,  G.P.O., 
E.G. 

249,  Evering  Road,  Upper  Clapton,  N.E. 

308,  Markhouse  Road,  Walthamstow,  E. 

Holmdale,  Glossop,  near  Manchester. 

Canadian  General  Electric  Co.,  Ltd., 
66  to  71,  Front  Street  West, 
Toronto,  Ontario,  Canada. 


1897  Laird,  George  G. 

1899  Lander,  Leon  Harvey 

1894  Lang,  Walter  C. 

1894  Langdon,  Arthur  E.    . 

1890  Lang  don-Da  VIES,  W.     . 

1900  Langley,  F.        . 

1895  Langridge,  Lionel  James 

1897  §Larke,  Wm.  James 

1896  Latimer,  Frederic  Digby 

1892  §Lattre,  Alfred  L.  de  . 

1892  Laughton,  Herbert  Furnell 

1898  Lawrence,  Julius  Pierpoint  . 

1897  Lawrence,  Lawrence  John    . 

1898  Lawrence,  Norman  McL. 
1900  Layton,  Gordon 

1889  Lea,  A.  H. 

1888  Lea,  Frank  J.    . 

1895  Lea,  James  Edward,  B.Sc. 

1894  Lean,  Arthur  Llewelyn 

1887  Ledger,  P.  G.    . 

1894  Lee,  J.  H. 

1898  Leeming,  Walter  James 

1891  |Lees,  Charles  H.,  D.Sc. 


Marchmont,  Port  Glasgow. 

217,  Charles  Road,  Small  Heath,  Bir- 
mingham. 

Eastern  Telegraph  Co.,  Suakim,  Egypt. 

The  Lodge  Farm  Road,  Sheffield. 

61,  Gwendwr  Road,  West  Kensington,  W. 

108,  Upperthorpe,  Sheffield. 

Royal  Insurance  Co.,  Lombard  Street, 
London,  E.C. 

'*  Homesdale,"  Mottingham,  Kent. 

EDgineer-in-Chief8Department,National 
Telephone  Co.,  Oxford  Court,  E.C. 

Engineer-in-Chief  s  Office,  G.P.O., 
London,  E.C. 

Engineer,  East  Indian  Distilleries  and 
Sugar  Factory  Co.,  Ltd.,  North 
Arcot,  Madras. 

5,  Cambridge  Crescent,  Harrogate,  Yorks. 

14,  Alexandra  Road,  Bedford. 
Care  of  Mr.  House,  517,  Kelly  Avenue, 
Wilkinsburg,  E.  Pittsburg,Pa.,U.S.A. 
Messrs.  Lea  &  Warren,  Kettering. 
*'  Silverdale,"  The  Mount,  Shrewsbury. 

5,  Woodsley  Terrace,  Leeds. 
"Winston,"  210,  High  Road,  Lee,  Kent. 
17,  Belsizo  Park  Gardens,   Hampstead, 
N.W. 

Electricity  Works,  Buxton. 

"  Osborne,"  Belgrave  Road,  Oldham. 
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1883  Legg,  W.  a.       . 

1894  Leggat,  John    . 

1894  §Legro8,  Lucien  Alphonse 

1897  Lemmens,  Gustave  J.  F. 

1889  Lennard,  R.  F.  Barrett,  M.A. 

1890  Leskovic,  Lionello 

1889  Le  Tall,  F.  W. 
1900  Lewenz,  Henby  I. 

1891  Lewis,  Francis  Harman 

1890  Lewis,  H.  A.,  B.A. 

1885  Lewis,  Robert 

1894  Leyshon,  John  William 

1898  Lichtenberg,  Carl  Louis 

189G  LiDDERDALE,  A.  II. 
N-8.    )  LiLEY,  E.  L. 

A.  1900  J 

1900  [  ^™'^»  Andrew  L.      . 

1897  LiND,  Emile  George    . 

1899  Lindsay,  Alex. 

1896  LiNTOTT,  Harold  John 

1893  Lister,  Francis  Liversedge  . 

1900  Lister,  John    . 

1894  Little,  Charles  Wm.  Godson 

1898  Livesay,  Arnold  Grant 
1882  Livingston,  James 

1897  Llewellyn,  George  Henry   . 

1889  Lloyd,  Edwin  I. 

1898  Lloyd,  Gilbert  James 

1899  Loam,  Edgar     . 

1892  Lock,  Walter  B. 


Care  of  Thomas  Stewart,  Esq.,  C.E.,  6, 
St.  George's  Chambers,  St.  George's 
Street,  Cape  Town. 

Care  of  Messrs.  Ernest  Scott  &  Mountain, 
Ne  wcas  tle-on-Tyne . 

57,  Brook  Green,  Hammersmith. 

*•  Danehurst,"  Burbage  Road,  Heme 
Hill,  S.E. 

United  University  Club,  Pall  Mall  East, 
S.W. 

Care  of  Syudicat  Dr.  C.  Kellner, 
Liechtensteinstrasso  No.  42,  Vienna 
IX. 

5,  Norfolk  Street,  Strand,  W.C. 

33,  Belsize  Avenue,  N.W. 

Urban  District  Council  of  Lev  ton, 
Electric  Light  Works,  Cathall  Road, 
Leytonstone. 

Telegraph  Department,  North  Stafford- 
shire Railway,  Stoke-on-Trent. 

1,  Quentin  Road,  Blackheath,  S.E. 

"Claremont,"  Forthbridge  Road,  Clap- 
ham  Common,  S.W. 

18,  Kensington  Court  Place,  W. 

South  Hall,  Hemel  Hemps  ted,  Herts. 

Central  Electric  Works,  Wood  Street, 
Liverpool. 

8,  Hythe  Road,  Willesden,  N.W. 

Care  of  R.  L.  Schuckert,   Gesellschaft, 

Mannhoim-on-Rhine. 
Care  of  Messrs.  Pratt  &  Keith,  Electrical 

Engineers,  Union  Street,  Aberdeen. 
Horsham  Engineering  Works,  Horsham. 
Engineer    and   Manager,   Water   Works 

and  Electric  Light  Co.,  Bulawayo. 
Municipal  Technical  Institute,  Romford 

Road,  West  Ham,  E. 
Donington  House,  Norfolk  Street,  Strand, 

W.C. 
43,  The  Avenue,  Castle  Hill,  Ealing. 
Postal  Telegraphs,  Glasgow. 
**  Pencraig,"    Caeran     Park,    Newport, 

Mon. 
Superintendent,     Brazilian     Submarine 

Telegraph  Company,  Madeira. 
Castle  MiU  Street,  Bristol. 
"  Moditonham,"  near  Saltash,  ComwaU. 
15  and  16,  Norfolk  Street,  King's  Lynn* 

Norfolk. 
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1874  Logan,  James  K. 

1888  Login,  Louis  GAHPBELii 
1900  London,  W.  J.  A. 

1697  Long,  Ernest  Denn     . 

1896  LoBD,  F.  A.  B. 

1898  LovELL,  Richard  Percy 

1880  LovEY,  A.  F6ri  . 

1893  Lowdon,  David  . 

1885  Lowdon,  Edward  J.  B. 

1900  Lowe,  Frederick  James 

1898  Lowes,  E.  S.      . 

1887  Lowndes,  Chab.  E. 

1889  LuARD,  W.,  Captain,  R.E. 
1873  §LucAS,  F.  R.       . 

1896  Lucas,  LEOPOiiD 

1895  Lucas,  Owen  David 

1890  Lucas,  William,  M.A.  . 
1885  LuGAR,  W.  R.,Capt.      . 

1897  LuGARD,  Cecil  E. 
1890  Luttrel-Elwabd,  H.    . 
1893  §Lydall,  Francis 

1890  Lyons,  H.  G.,  Capt.,  R.E. 


Inspector    of     Telegraphs,    Wellington, 
New  Zealand. 


104,  Sandyford  Road,  Neweastle-on-Tyne. 

'22,  BiUiter  Street,  E.G. 
Care    of     Messrs.    Ferranti,    Limited, 
Hollinwood,  Lancashire. 

20,  The  Common,  Woolwich,  S.E. 
Assistant  Manager,  Barry  Graving  Dock, 

Barry,  Glamorgan. 

21,  North  Tay  Street.  Dundee. 
28,  Hanover  Street,  Leeds. 

Morro    Velho,    Villa    Nova    De    Lima, 

Estados  de  Minas,  Brazil. 
36,  Bishop's  Mansions,  Fulham  Palace 

Road,  S.W. 

Greenhall,  Forest  Row,  Sussex. 

97,  St.  Mark's  Road,  North  Kensington, 

W. 
10,  Westbourne  Terrace,  Hyde  Park,  W. 
55,  Hillmarten  Road,  Camden  Road,  N. 
**  Acadia,"      Veronica     Road,      Upper 

Tooting,  S.W. 

97,  Sinclair  Road,  Kensington,  W. 

17,  Portland  Place,  Royal  Canal,  Dublin. 

Messrs.  Siemens  Bros.  &  Co.,  Woolwich, 

S.E. 
Geological  Survey  Office,  Public  Works 

Department,  Cairo,  Egypt. 


1899  Macalister,     Robert     Alex. 

Bonnes 

1897  Mc Alpine,  Gustavus    . 

1900  Maccall,  R.  Burns 

1898  McCarthy-Jones,  C.  H. 

1894    McCausland,  H.  A.        . 

1898    McClymont,  Rober   Arthur  . 

N.B.  )  McDermott,  Joseph     . 
A.  1900) 
1881  §McDoNNEL,  A.  C,  Major,  R.E. 


21,  Trinity  Street,  Hanley,  Staffordshire. 

5,  Wentworth  Terrace,  South  Shields. 

76,  Waterloo  Street,  Glasgow. 

2,  Waverley  Villas,  Bath  Road,  Wolver- 
hampton. 

Templestowe,  Watawala,  Ceylon. 

Estancia  Caledonia,  CaAuelas,  F.C.S., 
Buenos  Ayres. 

Volt  Works,  Old  Street,  Ashton-under- 

Lyne 
2,  StafE  Quarters,  Brompton  Barracks, 

Chatham. 
7 
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1899  McDoUGALL,  BUNCXN      . 
1894  MCDOUOALL,  PeBCY  WAIiTER 

1898  McDowxLL,  John  Hayeb 

1900  Macfarlane,  Selby  Lennox 

1896  Macfie,  Jaheb  M. 

1900  McGiu:.,  Thomas 

1899  McLaren,  David  Eardley 
1899  McIndoe,  John  B. 

1891  Mackail,  John  . 

1894  MacKenna,  John 
1888  Mackrill,  E.  T. 
1882  McLean,  Donald 
1898  McLean,  Neil   . 

1897  McMahon,  John  Francis 

1895  McMahon,  Joseph 


1897  §McMILLAN,  WALTER  GEO. 

(Secretary) 
1885    McMullen,  B.    . 
1899    McMullen,  Kenric  James 
1889    McNeill,  David 

1891    McPherson,  J.  . 

1894  McQuowN,  Frederic  C. 

1899    Macrory,'Bobbrt  Valentine  . 

1898  McWhirter,  Anthony  Clark  . 
1898    Maddison,  George  William    . 

1895  Maddison,  Samuel  George 


1898    Mahon,  Frank  G. 

1896  Makovski,  Albert  W,  . 

1889  §Malan,  E.  de  M. 

1897  Malden,  George  Fletcher 
1896    Malbk,  £.  M.  A. 

1890  Maling,  Fredk.  T. 


School  of  Mines,  Maryborough,  Victoria, 

Australia. 
"Perrymead,"  High  Bead,  Streatham, 

S.W. 
24,     Beaufort     Buildings,     Stranmillis 

Road,  Belfast. 
17,  Lawrence  Street,  Glasgow,  N.B. 
Care  of  Messrs.  G.  J.  Grist  &  Co.,  20, 

Gracechurch  Street,  E.G. 
Electricity  Supply  Station,  Park  Street, 

Dover. 
188,    Archer    Street,    North    Adelaide, 

South  Australia. 
Scottish  House  to  House  Electricity  Co., 

Ltd.,  Coatbridge. 
"Bonavista,"    Argyle   Crescent,  Porto- 

bello,  N.B. 

Kingsbury  Square,  Aylesbury,  Bucks. 

Post  Office,  Helensburgh,  N.B. 

Electricity  Station,  Harrogate,  Yorks. 

Power  House,  St.  George,  Bristol. 

Blackpool  and  Fleetwood  Tramroad 
Company's  Power  House,  Bispham, 
Blackpool. 

8,  Leigham  Court  Boad  West,  Strea- 
tham,  S.W. 

Persian  Gulf  Telegraphs,  Karachi. 

1,  South  Street,  Kedditch. 

Western  and  Brazilian  Telegraph  Com- 
pany, Bio  de  Janeiro. 

Private  Wires  Branch,  G.P.O.,  Cape 
Town. 

194,  Regent's  Park  Boad,  N.W. 

Borough  Electrical  Engineer,  London- 
derry. 

214,  Holm  Street,  Glasgow,  N.B. 

1,  Silverdale  Street,  South  Hetton 
Colliery,  Sunderland. 

Electrical  Inspector,  Canterbury  Fire 
Lisurance  Association,  Christ- 
church,  New  Zealand. 

181,  Victoria  Buildings,  Victoria  Street, 
S.W. 

"  Fairlawn,"  Redhill,  Surrey. 

Westinghouse  Brake  Co.,  York  Road, 
King's  Cross,  N. 

56,  Canning  Road,  Addiscombe,  Surrey. 

29,  Palliser  Road,  West  Kensington,  W. 

14,  fiUison  Place,  Newcastle-on-Tyne. 
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IddS    Mallik,  p.         .  .  . 

1886    Mange,  Bobebt  Hansford 

1893  Mann,  Edwabd 

1899  Manbel,  Raphael  S. 
1898    Manson,  William 

1897  Maquay,  G.  a.    . 

1898  Marchant,  Edgar  Walford, 

D.Sc. 
1896  Marler,  H.  a.  . 

1896  Marks,  Herbert  T. 
1898    Marsh,  Ernest  James  . 

1876    Marsh,  H.  .  .  . 

1897  Marsh,  H.  H.  Stanley 

1900  Marsh,  W.  .  .  . 

1897  Marshall,  C.  H. 

1898  Marshall,  Koland 

1894  Martin,  Enrique  W.     . 
1893    Martin,  W.  C.    . 

1899  Martos,  Victor  . 

1900  Martyn,  S.  W.    . 
1900    Masaroon,  R.  G. 

1899  Mason,  Archibald  Victor 

1890  §Mather,  Thos.   .  % 

1900  Matthews,  Ernest  B.  . 

1897    Matthews,  John  Ch.  Melvin  . 
1897    Maulik,  S.  C.      . 

1896  §Maunbell,  Capt.  M.  C,  R.A.    . 
1893    Mawdsley,  H.  St.  Hill 

1897  May,  Charles  Stanley 

1892  §MAy,  John 

1900    Maypee,  Charles  Faraday 

1893  Meaby,  Michael  Chas.,  Assoc. 

M.Inst.  C.E. 
1896  §Meacher,  Wyatt, 
1896    Medley,  Edward  Arnold 

1898  Meintjes,  Laurens  Schmitz    . 


Indian  Goverament  Telegraph  Depart- 
ment, Sokkur. 

58,  Palace  Road,  Upper  Norwood,  S.E. 

Palace  Chambers,  9,  Bridge  Street, 
Westminster,  S.W. 

Natal  Telephone  Co.,  Durban,  Natal. 
The  Pontypool  Electric  Light  and  Power 

-  Company,  Pontypool. 
Blythswood  Laboratory,  Renfrew,  N.B. 

11,  Finsbnry  Square,  E.C. 

Power  House,  Kelham  Island,  Sheffield. 

107,  Church  Lane,  Charlton,  S.E. 

19,     Lansdowne      Crescent,     Ladbroke 

Grove,  W. 
Glasgow    Corporation    Tramways,    88, 

Renfield  Street,  Glasgow. 
Tilworth,   Silverhill,   St.    Xieonard's-on- 

Sea. 

36,  Woodland  Terrace,  Charlton,  Kent. 
Box  103,  P.O.,  Valparaiso. 

10,  West  Campbell  Street,  Glasgow. 

Vn.  Erzsebetkdrut  44,  Buda  Pest. 

Gaiety  Theatre,  Dublin. 

7,  Bedford  Circus,  Exeter. 

Tramway  Dep6t,  Cleveland  Road.  West 
Hartlepool. 

26,  Sumatra  Road,  West  HtiLmpstead, 
N.W. 

Borough  Engineer  and  Surveyor, 
Bridlington. 

Care  of  Mashonaland  Railway  Co., 
Umtali,  Mashonaland,  S.  Africa. 

Care  of  Director  General  of  Telegraphs, 
Calcutta. 

Royal  Military  Academy,  Woolwich,  S.E. 

Care  of  The  Newton  Electrical  Engineer- 
ing Works,  Taunton. 

Electric  Light  Works,  King's  Bastion, 
North  Gibraltar. 

37,  Granville  Park,  Lewisham. 

6,  Wellington  Road,  Old  Charlton,  S.E. 
22,  Chancery  Lane,  W.C. 

24,  Carlton  Road,  TufneU  Park,  N. 
Huyton  Quarry,  Liverpool. 
P.O.  Box  148,  Cape  Town,  S.A. 


Digitized  by  LjOOQ  IC 


100 


ASSOCIATES. 


1892  Mbbcieb,  Maonsell     .  < 
1886  Meredith,  W.  M. 

1890  §Merbihan,  Will.  H.     . 

1897  Merbit,  Francis  Henrt 

1900  Mertenb,  John  T. 

1900  Meynell,  Guy  D'Arcy  . 

1894  Middleton,  Peter  Charles 

1894  Miles,  B.  Andrew 

1895  Millen,  James  Henry  . 
1888  Miller,  E.  H.    . 

1893  Miller,  Francis,  B.A.  . 
189G  Miller,  Herbert  William 

1897  Miller,  Robert  B. 

1896  Miller,  W.  H.  . 

1900  Miller,  Wm.  Edmund  . 

1898  MiLLioAN,  Alfred 

1898  §  Mills,  Herbebt  Leslie 

1898  Milnes,  John  Bobebt  . 

1899  MiLNS,  William  Edward 

1896  MiNSHALL,  T.  H. 

1898  Mirabel,  L^on  . 

1898  MisKiN,  Alfred 

1898  Mitchell,  C.  T. 

N.s.  )  Mitchell,  David  S.  . 
A.  1900) 

1898  Mitchell- Withers,  Alfred 

1891  Mofpett,  F.  J.,  B.A.      . 

1877  Moll,  Oscar 

1890  Monckton,  C.  C.  P. 

1897  Montagu,  Drogo 

1896  Montgomery,  W.,  Capt.,  R.E. 

1900  Moody,  Francis  M. 


13,  Pembroke  Gardens,  S.  W. 

The  Beeches,  Anchorage  Bead,  Sutton 

Coldfield,  Warwick^ire. 
167,  Anerley  Boad,  Anerley,  S.E. 
Electricity    Works,     Goldsmid     Boad 

Hove,  Sussex. 
Conway  Villa,  7,  Percy  Boad,Broadstairs 
6,  Schoolhill,  Aberdeen,  N.B. 
Care  of   The    National  Telephone  Co. 

Station  Street,  Nottingham. 
Dublin    United    Tramways    Company, 

Bingsend  Power  Station,  Co.  Dublin. 
Inspector  of    Bisks,  Westminster  Fire 

Office,    27,    King    Street,     Covent 

Garden,  W.C. 
"St.  Margaret's,'*  Greencroft  Gardens, 

West  Hampstead,  N.W. 
Care  of    the  British  Thomson-Houston 

Co.,  88,  Cannon  Street,  E.C. 

County  Borough  of  Belfast,  Central 
Electric  Lighting  Station,  East 
Bridge  Street,  Belfast. 

165,  Gorse  Lane,  Swansea. 

•'  Olinda,"  Prenton  Boad  West,  Birken- 
head. 

20,  Junction  Boad,  Croydon. 

Care  of  The  Wireless  Telegraph  Company, 
9,  Hall  Street,  Chelmsford. 

24,  Palace  Boad,  Crouch  End,  N. 

Electric  Light  Station,  Factory  Lane, 
Croydon. 

Manager,  Cie.  Frangais  des  C&bles  T^le- 
graphiques,  Bundaberg,  Queensland. 

"  Bomeland,"  St.  Albans. 

4,  Hargreaves  Boad,  Sefton  Park,  Liver- 
pool. 

Boss  Lea,  Woodlands  Boad,  Sale, 
Cheshire. 

Electrical      Engineer,      Lagos,      W^est 

Africa. 
Biohard  Wagner  Strasse  S5,  Cologne. 
1,  Army  and  Navy  Mansions,  Victoria 

Street,  S.W. 
Superintendent  of   Telegraphs,  G.P.O., 

Colombo,  Ceylon. 
Broughty  Castle,  Broughty  Ferry,  N3. 
Treeton,  Botherham. 
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1881  Moon,  William  . 
1885  Moore,  G.  Abbuthnot 
1896  MooBE,  Wm.  Edward    . 
1898  MooBHOUSE,  E. 

1878  MoBGAN,  Ghableb  Amiss 

1882  MoBQAN,  F.         .  .  . 

1885  MoBBis,  James  F.  W.     . 

1875    MoBBisoN,  G.,  Captain,  R.E.    . 

1886  •MoBSB,  Sydney  . 

1896    MoBTBN,  Walteb  Victob 

1893  MosTYN,  R.  J.  F. 

1898  MoTT,  H.  R. 

1896    MouLSDALE,  William  Edward 

1899  Muldeb,  H.  J. 

1894  §Mulholland,  John  Patrick    . 
1873  ♦Munbo,  John 

1899    MuBPHY,  John  Daniel 

1872    Myoind,  Johan  . 


12,  Vicars  Hill,  Lewisham,  S.E. 
"  Engayne,"  Spital,  Bromborough. 

The  Poplars,  561,  Meanwood  Road,  Leeds. 
Postal  Telegraphs,  General  Post  Office, 

E.C. 
Central  Telegraph  Office,  St.  Martin's- 

le-Grand,  E.C. 
Liancaster  Foundry,  Lancaster    Street, 

Borough  Road,  S.E. 
27,  Newgate  Street.  E.C. 
14,  Airlie  Gardens,  Kensington,  W. 
The  National  Telephone  Co.,  58  and  59, 

London  Wall,  E.C. 
Windsor  House,  Saltash,  Cornwall. 
"Hillcrest,"   Elmbourne    Road,  Upper 

Tooting,  S.W. 
General  Manager,  Tanjong  Pagar  Dock 

Co.,  Ltd.,  Collyer  Quay,  Singapore. 
3/2f  Hugo  de  Grootstraat,  Delft,  Holland, 
Eastern  Telegraph  Co.,  Bombay. 
St.  John's  Grove,  Croydon. 
Telegraph       Department,        Brisbane, 

Queensland. 
Great    Northern    Telegraph    Company 

Newcastle-on-Tyne. 


1883  Naftel,  Pebcy  H. 

1884  §Nalder,  Hebbebt 

1891  Naldeb,  Hubebt  H. 

1893  Naldeb,  Noel  Fbancis 

1900  Napieb,  Wm.  H.  W. 

1899  Nariman,  R.  K. 

1900  Nathan,  Cecil 
1889    Neelb,  C.  W.     . 

1895  Nelson,  John  Peel 

1891  Nelson,  J.  Y.     . 

1897  Nelson,  William  M. 

1889  Newitt,  L. 


The    Liverpool    Electric  Light   Supply 

Company,  Limited,  Higfa£eld  Street, 

Liverpool. 
'•  Coniston,"  Foxgrove  Road,  Beckenham, 

Kent. 
Orchard  House,  Wantage. 
94,  St.  George's  Square,  S.W. 
24,  Nelson  Street,  Dublin. 
Assistant  Engineer,  Public  Works  Dept., 

Lahore. 
39,  Victoria  Street,  S.W. 
"Rheola,"  Hawthorn  Lane,  Wilmslow, 

Cheshire. 
3,  Fearon  Road,  Shanghai,  China. 
Telegraph  Department,  G.P.O.,  Sydney, 

N.S.W. 
Care  of   Mrs.    Cameron,    29,    Brisbane 

Street,  Greenock,  N.B. 

Elswick  Works,  Newcastle-on-Tyne. 
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1885  NiCHoii,  .George 

1896  Nicholson,  Wm.  Bourchieb    . 
1892  §NicoLL,  Henry  . 

1879  NicoLSON,  James 

1897  NiVEN,  David  Wright 
1889  Nixon,  F.  A,       . 

1895  NoAKES,  Louis  Foley  . 

1886  Noble,  Geo.  St. 

1887  §NoBLE,  William 

1897  NoRBALLE,  Hans  Jacob  Pheodor 

1898  Norman,  Geo.  Fredk.  Alex.    . 

1894  NORTHEY,  P.  W. 

1898  Norton,  Henry  Joseph 

1898  NoswoRTHY,  F.  E. 

1892  NussBAUM,  G.  A. 


Tel^raph  Department,  Midland  Rail- 
way, Derby. 

350,  Mansion  House  Chambers,  E.C. 

69,  Lowndes  Square,  London,  S.W.  . 

Compania  Telegrafica  del  Bio  de  la 
Plata,  Buenos  Ayres. 

Linden  Aven.,  Newport-on-Tay,  Scotland. 

21',  Chatsworth  Boad,  West  Norwood. 

3,  KirkstaU  Boad,  Streatham  Hill,  S.W. 

Pelayo,  10,  Barcelona,  Spain. 

Engineer-in-Chiefs  Office,  G.P.O.,  E.C. 

34,  Walham  Grove,  Fulham,  S.W. 

Corporation  Electricity  Department, 
Harrogate,  Yorks. 

Ashley  Cottage,  Ewell,  Surrey. 

12,  Beedworth  Street,  Kennington,  S.E. 

Care  of  ss.  "  Viking,'*  Amazon  Telegraph 
Company,  Para,  Brazil. 

29,  Ludgate  Hill,  E.C. 


1891  O'Brien,  Edmond  L.     . 

1891  Oddie,  James,  J.P.,  F.B.G.S.   . 

1890  Ofpor,  George  . 
1874  Ogg,  F.  William 

1888  O'Keepb,  Edward  A.,  B.E.      . 

1891  Okell,  E.  G.      . 

1885  §Oldham,  James  . 

1898  Oliver,  Charles 

1890  Olliver,  G.  H.  . 

1890  O'Meara,  W.  a.  J.,  Capt.,  B.E. 

1882  Orme,  J.  .  .  . 

1896  Orton,  Wilfrid  J.  P.   . 

1896  O'Shaughnessy,  J.  J.  F. 

1898  Owen,  David,  B.A.,  B.Sc. 


9,  Thurloe  Square,  S.W. 

Ballarat,  Victoria,  Australia. 

Peak  Hill  Villa,  Sydenham. 

162,  CUbremont  Boad,  Forest  Gate,  E. 

Finsbury    Technical    College,    Leonard 

Street,  Finsbury,  E.C. 
Electricity    Department,    East    Street, 

Plymouth. 
Biver  Plate  Telegraph  Co.,  Monte  Video. 
Cambridge  Place,  Burrage  Bd.,  Woolwich. 
30,  Bue  Boissiere,  Paris. 


63,  Greenheys  Lane,  Manchester. 

Care  of  Messrs.  Johnson  &  Phillips,  Old 

Charlton,  S.E. 
Technical  School,  Birmingham. 
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1898  Packabd,  H.  Y. 

1900  Packer,  Mabk   . 

1898  Page,  Alexander  Flood 
1877  Page,  Charles 

A.r9a)}^^^^'^^^^-    • 

1894  Paget,  Percy  W. 

1894  Paisley,  David 

1893  Paloravb,  Augustin  Giffard 

1892  Parker,  Edwin  T. 

1899  Parker,  Bobbrt  Edwin 
1898  Parker,  Tbomas  Hugh 


-  Parkinson,  John  B. 


N.8.  j 
a.  1900  j 
1898    Parnell,  John  Wm.,  Capt. 


1894  Parry,  Evan 

1875  Parsons,  The  Hon.  Richard    . 

1900  Partridge,  Edward  Henry     . 
1898  §Partrii>ge,  H.  Balph  C. 

1896  Patchett,  James 
1898  Paterson,  Sydney 

1888  Paton,  Frederick 

1900  Patrick,  David  Herbert,  F.C.S 

1898  Pauls,  S.  .  .  . 

1900  Pay,  Frederick  Charles 

1897  Payn,  Neville  James  . 

1886  Payne,  Ernest  . 

r^  l  Payne,  Sydney 
A.  1900 ) 

1889  Paynter,  H.  H. 

1891  Pbaob,  James  Bennet  . 

1898  Pbakb,  Austin  Henry  . 

1892  Pearce,  Jas.  Edward  . 
1898  Pearce,  S.  L.     . 

1895  Pearson,  Arthur 

1896  Peart,  Arthur  Richard 

1897  Pease,  John  J. 
1894  Peck,  Gerard  S. 

1896  PsepleS;  Charles  Edwarp     . 


Care  of  Messrs.   Fowler  &  Co.,  Steam 

Plough  Works,  Leeds. 
Care  of  Messrs.  Syme  &  Co.,  Singapore. 
35,  St.  George's  Square,  S.W. 
2,  Beaufort  Gardens,  St.  John's,  S.E. 

14,  St.  Ann's  Square,  Manchester. 

201,  Richmond  Road,  Hackney. 
6,  Fourth  Avenue,  Frinton-on-Sea. 
Care  of  Mrs.  Milne,  111,  West  Princes 

Street,  Glasgow. 
76,  Bath  Road,  Wolverhampton. 
19,  Beaumont  Road,  Leicester. 
**  The    Copthomes,"    Copthorne    Road, 

Wolverhampton. 

10,  York  Street,  Manchester. 

Victoria  Barracks,  Melhoume,  Victoria, 

Australia. 
"  Sunningdale,"     Fitzgerald      Avenue, 

Barnes. 
48,  Prince's  Gardens,  S.W. 
22,  Susannah  Street,  Poplar,  E. 
27,  Churchill  Street,  Barrow-in-Furness. 
Wellington,  Shropshire. 
Cable    Department,     Victoria    Works, 

Charlton,  S.E. 
Blackburn,  Dulwich  Wood  Park,  S.E. 
.  Bablake  School  of  Science,  Coventry. 
72,  Merton  Road,  Wimbledon,  S.W. 
91,  Acton  Lane,  Chiswick. 
Somerton  Manor  House,  Hartest,  Bury 

St.  Edmunds. 
Hatchlands,  Cuokfield,  Sussex. 

Som  Lea,  Whalley  Range,  Manchester. 

Winding  Wood  House,  Kintbury,  Berks. 

Emmanuel  College,  Cambridge. 

St.  John's  College,  Cambridge. 

"  Craufurd,"  Maidenhead,  Berks. 

The  Hampden  Club,  Phoaniz  Street, 
N.W. 

Messrs.  Crompton  &  Co.,  Ltd.,  10,  Ed- 
mund Street,  Birmingham. 

5,  St.  Leonard's  Road,  Ealing,  W. 

Castle,  Lostwithiel,  Cornwall. 

"  The  Croft,"  Belvedere,  Kent, 

The  Park,  Royston,  Herts, 
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1898    Peel,  Laurence  Moore 

1890  Peers,  George 

1891  Peggs,  J.  a.        .       s    . 

1895  §Pell,  Frederick  Bennett 
1898    Pell,  Wm.  M.  D. 

1897  Penbosb,  George  E.     . 

1882    Penning,  J.  Roper 

1879    Penrose,  Cooper,  Major,  R.E. 

1882  Penton,  E.,  F.G.S 

1898  Pepper,  Alfred  E.       . 

1898  Perrott,  William  Denton 

1897    Perry,  R.  Grobvenor  . 
1891    Petersen,  Theodor 

1896  §Pethybridge,  W. 

1897  Philip,  Arnold,  B.Sc,  F.I.C, 

Assoc.  R.  Sch.  Mines. 
1874    Philipps,  W.  Rees 

1894    Phillips,    Charles    Edward 
Stanley 

1899  Phillips,  Charles  Henry 

1897  Phillips,  Ernest  Dinsdale    . 

1899  Phillips,  John 

1896  §Phillip8,  John  Henley  S. 
1896    Phillips,  R.  E.,  M.  Inst.  C.E. 

1898  Phillips,  William 

1896  PiCKPORD,  H.  H. 

1883  gPiDGBON,  Randall 

1897  §  Pierce,  Robert  Cecil  . 
1896  §PiLLiNO,  Frederick  S. 

1900  PiNKERTON,  H.  W. 

1891    Piper,  E.  Jesse 
1894    Pitcher,  F.  H. 

1896    Player,  Hugh  Bernard 

1898  Playpair,  Lieut.  C.  M.,  R.A.    . 

1899  Plummer,  Thomas 

1899    Plumtree,  John  S. 

1898    Plunkett,  Matthew  Penson  . 


"  Moore  House,"  Beckenham,  Kent, 
96,  Deansgate,  Manchester. 
Eastern  Extension  Telegraph  Company, 
Roebuck  Bay,  Western  Australia. 

254,  Burrage  Road,  Woolwich,  S.E. 
The    Standard    Electrical    Engineering 

Company,  19,  Bligh  Street,  Sydney, 

N.S.W. 
10,  Elm  Grove,  King's  Road,  Souihsea, 

Hants. 
The  Post  Office,  Wei-Hai-Wei,  Shang- 

tung  Province,  China. 

1,  Mortimer  Street,  W. 
Roslyn,  Concord,  Sydney,  N.S.W. 
Electricity  Works,  South  Denes  Road, 

Great  Yarmouth. 
**  Westacre,"  Hagley  Road,  Birmingham. 

3,  Rhodesia  Road,  Clapham  Rise,  S.W. 
The    Merchant    Venturers*    Technical 

College,  Bristol. 
Fleet  House,  West  Side,   Wandsworth 

Common,  S.W. 
Castle  House,  Shooter's  Hill,  Kent. 

33,  Poplar  Grove,  West  Kensington,  W. 
82,  Victoria  Street,  S.W. 
81,  Wood  Lane,  Treeton,  Rotherham. 
33,  Bridge  Avenue,  Hammersmith,  W. 
70,  Chancery  Lane,  E.C. 

2,  St.  Stephen's  Road,  Lewisham,  S.E. 
21,  Leader  Street,  Chelsea,  S.W. 

42,  Porchester  Square,  W. 
114,  Queen's  Road,  Bayswater,  W. 
Devonport  and  District  Electric  Tram- 
ways, 40,  St.  Auhyn  Street,  Devonport. 
Tramway  Co.,  West  Hartlepool. 
84,  Victoria  Street,  S.W. 
The     MacDonald     Physics     Building, 

McGiU  University,  Montreal. 
81,  Beauval  Road,  East  Dulwich. 

Engineer-in-Chief's  Office,  G.P.O.,  Lon- 
don, E.C. 

Messrs.  Wright's  Finishing  Company, 
Carlton  Road,  Nottingham. 

30,  Swanage  Road,  Wandsworth  Common, 
S.W. 
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1896    pocklington,  alfred  william 

Sharpe 
1892    PoosoN,  A.  Lee  . 

1888    Pollard,  Frederick    . 

1890    P0LLiTT,B.B.,As8oc.M.Inst.C.E. 

1890  POLYBLANK,  C. 

1898    PoLYBLANK,  Wm.  Joseph,  Jun.  . 
1900    PoNTET,  Bernard 

1891  Poole,  Joseph 

1894  §PooRE,  Mark  Saurin    . 

1892  Pope,  Edwyn  Lonsdale 


1898  Pope,  Thomas  Henry 

1897  Porte,  Frank  C. 
1894  PoRTELLi,  Arthur 
1886  Porter,  Charles  V. 
1890  Potter,  Douglas 

1898  Potter,  Wm.  Reginald 


1898  Powell,     Charles 

A.R.S.M. 

1899  Powell,  Frank 


Henry, 


1895  Powell,  David  T. 
1898    Powles,  Walter 

1896  Poyndbr,  Herbert  Bryan 

1890  §POYNTON,  W.  A. 

1898    Prbnderoast,     Herbert     H. 

Loraine 
1889    Prentice,  Napier         .  ^ 

1900    Preston,  Albert  Ernest 

1893    Price,  Edward  . 
1900    Price,  Wm.  Norman 

1891  §Prie8t,  Chas.     . 

1897  Pringle,  Eliot  Charles 

1889  §Pritchbit,  G.  E. 

1890  Pritchett,  G.  E.  B.      . 

1891  §PRITCHETr,  T.  W. 

1876  ♦Probert,  I.        .  .  . 

1896    Prout,  Thomas  A. 


Care  of  Messrs.  H.  S.  King  A  Co.,  66, 

Cornhill,  E.G. 
Submarine  DepAt,  Post  Office  Telegraphs, 

Dover. 
The  New  Explosives  Co.,  Stowmarket. 

4,  Harley  Street,  Bow,  E. 

69,  Church  Lane,  Old  Charlton,  S.E. 

30,     Henry     Road,     West     Bridgford, 

Nottingham. 
Care  of  Messrs.  J.  Lovibond  &  Sons,  Ltd., 

Greenwich  Brewery,  Greenwich. 
Care  of  Callenders  Cable  Company,  90, 

Cannon  Street,  E.C. 
South  Street,  Ponder's  End,  Middlesex. 
94,  South  MaU,  Cork. 
74,  Strada  Fomi,  Valetta,  Malta. 
108,  Pemberton  Road,  Harringay,  N. 
106,  Savemake  Boad,  Hampstead,  N.W. 
The  Alderley  Edge  Electricity  Supply 

Company,  London    Road,  Alderley 

Edge,  Cheshire. 
Her  Majesty's  Patent  Office,  26,  South- 
ampton Buildings,  W.C. 
18,    Cheverton    Boad,    Archway    Road, 

Highgate,  N, 
40,  Harcourt  Terrace,  S.W. 
249-251,  Kensal  Road,  W. 
Care  of  Sir  W.  G.  Armstrong  <k  Co.,  Ltd., 

Elswiok  Works,  Newcastle-on-Tyne. 
4,  Salisbury  Road,  Dalston,  N.E. 
Assistant  Electrical  Engineer,  Madras 

Railway,  Arconum,  Madras. 
The  Old  Vicarage,  Stowmarket. 
Assistant    Engineer,    The     Kidderpore 

Docks,  Calcutta. 
18,  High  Street,  Portsmouth. 
10,  Noel  Road,  Edgbaston,  Birmingham, 
s.s.  "  Mackay  Bennett,'*  Halifax,  Nova 

Scotia. 

Oak  Hall,  Bishop's  Stortford,  Herts. 
Bishop's  Stortford,  Herts. 
Oak  Hall,  Bishop's  Stortford,  Herts. 
6,  Hayter  Road,  Brixton  Hill,  S.W. 
National     Telephone     Company,     102, 
Portland    Street,    Manchester 
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1900    PuLSPORD,  Charles  A. 
1898    Pyne,  Albert  Periam  . 


.    41,  Ashton  Terrace,  Glasgow,  N.B. 
.     Care  of  Messrs.  Clarke,  Chapman  A  Co., 
Gateshead-on-Tyne. 


1882    Quick,  James 


194,  Burrage  Boad,  Plumstead,  S.E. 


1889  Baaschou,  P.  T. 

1898  Baikes,  Cyril  Probyn  N. 

1898  Bailing,  M.  .      . 

1899  Bainbow,  Ernest  Hugh 
1886  Baine,  a.  Denby 
1897  Bamsay,   William 
1891  Bandolph,  Hugh  L.     • 

1899  Bansomb,  Frederick  Stanley 

1891  Baper,  Frank    . 

1900  Bawlings,  H.  S. 

1888  Bawlins,  W.      . 

1900  Bayner,  Frederick  William  . 

1897  Bead,  Herbert  James  . 

1900  Bead,  B.  P.        . 

1896  Bees,  Ernest  Wilmot  . 

1896  Beeves,  John  Horace,  M.A.   . 

1898  Beid,  David  P.  . 

1892  Beid,  Bobbrt    . 

1899  Benpree,  Tom  Bolls    . 
1898  Benton,  Charles  A.  M. 

1889  Bew,  G.  H.         . 

1893  Be  YNOLDS,  Frederick  William 

1894  Beynolds,  Henry  H.    . 

1900  Beynolds,       John      Francis 

Jodrell 

1898  Bice,  Percy  Richaw)  . 


Stamford  Lodge,  Watford,  Herts. 

112,  King  Henry's  Boad,   Hampstead, 

N.W. 
47,  Argyle  Boad,  Ealing,  W. 

11,  Jamaica  Street,  Glasgow. 

India-Bubber,  Gutta-Percha,  and  Tele- 
graph Works,  396,  Calle  Becon- 
quista,  Buenos  Ayres. 

Hoton,  Loughborough,  Leioestershire. 

The  Bombay  Telephone  Co.,  Bombay. 

4,  Gordon  House  Parade,  High  Boad, 
Chiswick. 

45,  King  WiUiam  Street,  E.C. 

58,  Canbury  Avenue,  Kingston-on- 
Thames. 

Greenfield  Villa,  Liverpool  Boad,  St. 
Albans. 

All  Saints'  Chambers,  High  Street, 
Bristol. 

14,  Fairholme  Boad,  Crosby,  Liverpool. 

The  General  Engineering  Co.,  2  and  4, 
Penywem  Boad,  EarPs  Court.  S.W. 

The  Bailway  Department,  Ipoh,  Perak, 
Straits  Settlements. 

Trujillo  and  Salaverry  Bailroad,  Tm- 
jillo,  Peru. 

26,  Shepherd's  Bush  Boad,  W. 

**C.S.  Duplex,"  care  of  Eastern  Tele- 
graph Company,  Gibraltar. 

Edward  Street,  Blackfriars,  S.E. 

47,  Victoria  Street,  Westminster,  S.W. 

110,  St.  Martin's  Lane,  W.C. 
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1899  Richards,  A.  F.  W.       . 

1891  Richardson,  Adolphus  J.  E.    . 

1891  Richardson,  Oliver  A. 

1894  Richmond,  Wm.  Pearson 

1896  Ricks,  G.  \V.  D. 

1895  RiDQE,  Theodore  John 
1890  Ridley,  H.W.   . 

1897  RiGGs,  Walter  . 

1898  Riley,  Wm. 

1883  Rimington,  Ernest  C.  . 

1889  Risch,  G.  H.  C,     . 

1899  Roberts,  Bertrice  L.  . 

1893  Roberts^  James,  M.A.,  LL.B.  . 

1897  Roberts,  John 

1898  Roberts,  Reginald  Bycropt  . 

1899  Roberts,  Robert  C. 

1900  Robertson,  David,  Jun.jB.So. 

1888  Robertson,  Geo.,  Jun.  . 

1886  Robinson,  W.  Mosse     . 

1900  Robson,  E.  S.  a. 

1892  Rolf,  George    , 

1900  RoRKE,  Edwin  . 

1899  ROSEBLADE,  S.  J. 

1900  ROSENBAUM,  S.     . 

1888  Rosenthal,  J.  H. 

1897  RosHER,  Noel  B. 

1898  RosoMAN,  Charles  H.  . 
1877  Ross,  Walter  O. 


1899    RossETTi,     Gabriel     Arthur 

Madox 
1888    Rossiter,  A.  E.  . 

1894    Roth,  Sidney  B. 

1898    RowB,  T.  .  .  . 

1897    Roy,  G.  P, 


Electric  Supply  Works,  Reading. 

17,  Farley  Road,  Catford,  S.B. 

Sun  Fire  Office,  Threadneedle  Street, 
E.G.  (Surveyor's  Office). 

Green  Bank,  Colne. 

Owens  School,  Islington,  N. 

Carlton  House,  Enfield. 

81,  Cromwell  Road,  Wimbledon. 

Care  of  the  P.  &  O.  Steamship  Co. 

"  Shanklin,"  Wivertoiv  Road,  Syden- 
ham,  S.E. 

Lynton  House,  The  Park,  Church  Road, 
Norwood. 

Care  of  J.  C.  Fox,  Esq.,  2,  Campden 
House  Road,  Kensington,  W. 

40,  Victoria  Street,  Waverley,  Sydney, 
N.S.W. 

4,  Paper  Buildings,  Inner  Temple,  E.C. 

Engineer's  Office,  Town  Hall,  Durban. 

4,  Albert  Terrace,^  London  Road, 
Chelmsford. 

26,  Russel  Road,  Kensington. 

Electrical  Engineering  Laboratory, Muni- 
cipal Technical  College,  Bradford. 

Adelphi  Cottage,  Paisley,  N.B. 

24,  Kensington  Park  Road,  W. 

Selbome  Lodge,  Sale,  Cheshire. 

8,  Bentinck  Crescent,  Newcastle-on- 
Tyne. 

6a,  Jerm3m  Street,  S.W. 

3,  Broomfield  Terrace,  Cecil  Road, 
Enfield. 

17,  Park  Lane,  Clissold  Park,  N. 

147,  Queen  Victoria  Street,  E.C. 

Care  of  Messrs.  Siemens,  Bros.,  &  Co., 
Woolwich,  S.E. 

*'  Elm  Croft,"  Hendon  Lane,  Church 
End,  Finchley,  N. 

General  Superintendent,  West  India 
and  Panama  Telegraph  Company. 
St.  Thomas,  West  Indies. 

28,  Chorley  New  Road,  Bolton. 

45,  Parliament  Hill  Road,  Hampstead, 
N.W. 

61,  Vanbrugh  Park,  Blackheath,  S.E. 

Indian  Government  Telegraphs,  Shil- 
long,  Assam. 
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1900  Royal-Da WBON,  Wm.  Q. 

1898  Ruddock,  Ernest  N.     . 

1898  RusHTON,  R.,  Jun. 

1888  Russell,  Chas.  N. 

1889  rutherpoobd,  b. 
1891  Ryan,  Frederick 


1900    Rylands,  H.  R. 


8,  Kenilworth  Road,  Ealing,  W.     , 

»♦  Stookland,"   23.  Palace  Road,  Streat- 

ham  Hill,  S.W. 
Alhambra     (Blackpool)     Limited,    The 

PromenEide,  Blackpool. 
29,  Southwood  Avenue,  Highgate,  N. 
4,  Highland  Place,  Pitts,  Pa.,  U.S.A. 
Care    of    Electrician-in-Chief,    Eastern 

Telegraph   Co.,  Winchester  House, 

50,  Old  Broad  Street,  E.C. 
R.  I.  E.  College,  Cooper's  Hill,  Staines. 


1897  Sadler,  Hastings  V.     . 

1900    Salisbury,  Albert  Edward    . 
1894    Salthouse,  E.    . 

1898  §Saltren-Willett,  A.  J.,  Capt., 

R.A. 
1881    Sandbman,  Colonel  J.  G. 
1897    Sander,  Edqab  Julius  . 

1892    Sanderson,  Aymob  H.  . 

1890    Sanderson,  G.    . 
1900    Sandwith,  Harold 

1899  Saner,  Edward  John    . 


1900  Santonna,  T.  F. 

1893  Sargeant,  Chas.  Wesley  " 

1896  Saul,  Arthur  E.  D. 

1898  Saunders,  Edgar  Stopford 

1891  Saunders,  F.      . 

1891  §Savill,  Arthur  G. 

1900  Savory,  Reginald 

1897  Sawyer,  Ernest  Wm.    . 


1898  Sayers,  R.  M.    . 

1897  ScEARS,  Martin  Jepferis 

1895  ScHAEFER,  Carl  W. 

1883  SCHANSCHIEFF,  ALEXANDER 


13,  Ebrington  Street,  Plymouth. 
Limbrick  Hall,  Harpenden,  Herts. 
Wycombe    Electric    Light    and    Power 

Company,  Lily's  Walk,  Wycombe. 
Royal  Artillery,  Quctta,  India. 

24,  Cambridge  Square,  W. 

96,  Bouverie  Road,  Stoke  Newington, 
N. 

Darfield,  Marlborough  Road,  Bourne- 
mouth. 

Ill,  Tyrwhitt  Road.  St.  John's,  S.E. 

3,  Bloane  Court,  S.W. 

Care  of  Mrs.  Sheridan,  Elgin  Villas, 
Mount  Pleasant,  Newcastlc-under- 
Lyne. 

34,  Sidbury,  Worcester. 

Manager,  Post  and  Telegraph  Office, 
Blackall,  Queensland. 

11,  Selwood  Place,  South  Kensington, 
S.W. 

16,  Hallfield  Road,  Bradford. 

Boleyn,  Braintree. 

18,  Glen  Eldon  Road,  Streatham,  S.W. 

Compania  de  Electricidad  del  Rio  de  la 

Plata,  Limitada,  Casilla  de  Correo, 

931,  Buenos  Ayres. 
7,  St.  Peter's  Square,  W. 
Telegraph  Department,  North  Eastern 

Railway,  York. 
The  Eastern  Telegraph  Co.,  Gibraltar. 
"The  WeUs,"  Burnley  Road,   HaUfax. 

Yorks. 
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1898  SCHATTNBB,  E.    . 

1891  Schiller,  F.  W. 

1891  Schneider,  Adolph,  M.A. 

1897  ScHODER,  Adolf 

1885  gSCHULTZ,  GEORaE 

1895  Schwartz,     Alfred,     A.K.C, 

Assoc.  M.  Inst.  G.E. 

1885  ScLATER,  Clifton,  Commander, 
R.N. 

1898  ScLATER,  Henry 

1883  Scott,  Major  B.,  R.E.,  CLE.   . 

1891  Scott,  John  D.  . 

1900  Scott,  J.  Gray  . 

1890  Scott,  J.  T.         . 

1896  Scott,  Thomas   . 

1898  Scott,  Walter  Vernon 

1900.  Sbaqer,  J.  a.     . 

1883  Sbaly,  G.  W.     . 

1891  Seaman,  Arthur  G. 

1893  Sears,  Arthur  Holroyd 

1897  Seaton,  Archie  Corbet 

1894  Sedgwick,  F.  W. 

1882  Segrave,  William  '    . 

1890  Sblby,  J.  a.        . 

18S8  Selby-Bigge,  D.  L.       . 

1900  Sellon,  E.  M.    . 

1893  Sevier,  Charles  John  Ford   . 

1900  Sbwell,  Tyson  . 

1894  Seymour,  William 

1896  Shackleton,  John  Milner 


1900    Sharman,  Hugh 

1900    Shaw,  Francis  Sydney 

1896  §Shawcros8,  Robert  Ellis 


104,  Queen's  Road,  Norwich. 

"  Bumham,"  Westcombe  Hill,  Black- 
heath. 

1,  Woodfield  Road,  Harrow  Road,  W. 

B.B.C.  Club,  Baden,  Switzerland. 

Notting  Hill  Electric  Lighting  Co., 
Bulmer  Place,  High  Street,  Notting 
Hill  Gate,  W. 

*•  Ivy  House,"  Woodford  Green,  Essex. 

*•  Waverley,"  Swanage,  Dorset. 

54,  Grindlay  Street,  Edinburgh. 
Mint  Master,  Calcutta. 

63,  Pitt  Street,  Sydney,  N.S.W. 

Electricity  Works,  Leith,  N.B. 

2S,    Heathwood    Terrace,     Heathwood 

Gardens,   Charlton,   Kent. 
Care  of  Messrs.  Macartney,  McElroy  & 

Co.,  63,  Victoria  Street,  S.W. 
118,  Cromwell  Road,  S.W. 
Electric  Generating  Station,  Oak  Wharf, 

City  Road,  E.C. 
66,  Castletown  Road,  West  Kensington , 

W. 
37,  Stile  Hall  Gardens,  Chiswick,  W. 
Cae  Glas,  Llandrindod- Wells. 
157,  Church  Lane,  Charlton,  Kent. 
Elmcote,  Godalming,  Surrey. 
Eastern  Extension  Telegraph  Company, 

Flinders,  Victoria,  Australia. 
El^ctrico  Ingeniero,  Ensanche,  Biibao. 
Messrs.   Selby-Bigge  &  Co.,  Newcastle- 

ou-Tyne. 
Queen  Anne's  Mansions,  Westminster, 

S.W. 
79,    Palace    Chambers,    Bridge    Street, 

S.W. 
47,  ParoUes  Road,  Upper  HoUoway,  N. 

55,  Sloane  Square,  S.W. 

National  Telephone  Co.,  Telephone 
Buildings,  Crown  Alley  and  Temple 
Bar,  Dublin. 

The  Electric  Light  Co.,  Anchor  Street, 
Chelmsford. 

P.O.  Box  108,  Yokohama,  Japan. 

**  Lynnwood,"  Ashton-on-Mersey. 

157,  Burton  Road  West,  Didsbury, 
Manchester. 
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1897  Sheardown,  Percy  S.   . 

1890  Shephard,  W.  H. 

1878  Shepherd,  F.     . 

1890  §Sheppard,  J.      . 

1899  Sheppard,  Edward 
1896  §Shbpperd,  Alfred  H.  . 

1896  Sherley-Price,  Ernest 

1894  Sherley-Price,  Sherley 

1891  Sherrin,  J.  Vaughan    . 

1893  §Shields,  J.  C.     . 

1900  Shield,  James  B. 

1897  Shillito,  Bernard  J.  . 
1893  Shoolbred,  H.  G.  '  . 
1880  Shorrock,  L.      . 

1900  Short,  Albert  Edward 

1899  Short,  Edward  A. 

1896  Short,  Frederick  Martin 

1897  Short,  Matthew 

1890  Shoults,  E.  S.  . 

1893  Shrewsbury,  Frederick  G.     . 

1885  §SiLCOCK,  E.  J.,  F.G.S. 

1895  SiLLAR,  Alfred  R. 

1892  Sillery,  William 

1900  Simon,  S.  A.       . 

1897  Simpkin,  Frederick     . 

1898  Simpson,Richard  Christopher 

1899  Sims,  Charles  W. 

1899  Sims,  Alfred 

1898  Singh,  B.  Surdar 

1893  Sinnott,  John  . 

1891  SissisoN,  F.  J.    . 
1898  Skipwith,  Harold 

1897  Skipwith,  Richard  E.  . 

1898  Slack,  Deane  Hbrvey  . 
1898  Slater,  Charles  Arthur 


77,  Waterloo  Road,  Dublin. 

2,  Addison  Terrace,  Addison  Road, 
Walthamstow. 

Postal  Telegraphs,  Mount  Pleasant,  B.C. 

Trays  Hill,  Homsey  Lane,  N. 

20,  Bucklersbury,  London,  E.C. 

Engineer-in-Chief  8  Office,  G.P.O.,  E.C. 

Albert  Chambers,  Albert  Square, 
Manchester. 

49,  Queen  Victoria  Street,  E.C. 

Chemical  Oil  Syndicate,  Ltd.,  28,  Vic- 
toria Street,  S.W. 

Care  of  Messrs.  King,  Hamilton  &  Co., 
7,  Hare  Street,  Calcutta. 

197,  Onslow  Drive,  Glasgow. 

12,  Mayfield  Road,  Wimbledon. 

Low  Hill,  Darwen,  Lancashire. 

29,  Balham  Road,  Edmonton. 

75,  Onslow  Square,  S.W. 

Care  of  Messrs.  Balmer,  Lawrie  <%  Co., 

Calcutta. 
36,  Ivy  Boad,  Gosforth,  Newcastle-on- 

Tyne. 
35,  Marsland  Boad,  Sale. 
Lockbox    1161,     Seattle,     Washington, 

U.S.A. 
10,  Park  Bow,  Leeds. 
Electricity  Works,  Osborne  Street,  Col- 

Chester. 
Wrexham. 
Allgemeine     Electricitats    Gesellschaft, 

Ing.,  Bur.,  Dortmund,  Germany. 
St.  Anne's  Electrical  Works,  Leeds. 
Physics     Department,     Sydney      Uni- 
versity, N.S.W. 
44,    The    Avenue,    Windsor,    Victoria, 

Australia. 

Assistant  Supt.  Telegraph  Department, 
Calcutta. 

High  View  House,  Birch's  Head,  Hanley. 

Telegraph  Department,  Cape  Town. 

16,  Union  Grove,  Aberdeen. 

"  Wellingdale,"  Mansfield  Rd.,  Notting- 
ham. 

35,  Charleville  Bd.,  West  Kensington,  W. 
P.  O.   Box,    126,  Edgwood    Park,  Pa., 
U.S.A. 
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1874  Slater,  William  P. 

1894  Slater,  Wm.  Henry 

1893  Slaughter,  T.  E. 

1891  Sleigh,  J.  Pratt 

1883  Smart,  Edgar    . 

1877  Smibert,  George 

1878  §Smith,  a. 

1897  Smith,  David 

1889  §SMrrH,  E.  W. 
1900  Smith,  Edwin  C. 

1891  Smith,  P.  W. 

1892  §Smith,  Harold  King 

1893  Smith,  Herbert  Whitmy 

1893  Smith,  James  B. 

1894  Smith,  Sydney  Cummins 

1895  §Smout,  Alan 

1890  Smythe,  C.  R.  Q. 

1891  Snelub,  Percy  Woodward 
1885  SoMERS,  Kichard  M.     . 

1882  SOMERVILLE,  GeORGE  J. 

1900  SOMERVILLE,  GeOROE  WILUAM. 

1895  SopER,  Herbert  Edward,  M.  A. 

1890  SOTHEBY,  W.  E.,  B.A.    . 

1896  SouTHAM,  Arthur  Dudley 

1898  SouTTER,  Albert  Charles 

1883  SowARD,  A.  W.   . 

1891  Spain,  Arthur  . 

1895  §  Sparks,  Hubert  Conrad 

1896  Speedy,  Percy  . 

1897  Spbirs,  Charles  Wm.   . 

1898  Spencer,  Henry  John  . 

1890  Spencer,  W.  E.  S.  H.   . 

1896  Spbrati,  Giuseppe  E.  . 

1898  Sperling,  Bochfort  Henry    . 

1897  Spiers,  Frederick  S.,  B.Sc.    . 
1897  Spon,  Charles  Alfred. 

1874  Spratt,  G.  O.      . 


41,  Breakspeare  Road,  Brockley,  S.E. 
"  Redlands,"  126,  Highbury  New  Park, 

N. 
"  Gairloch,"  Alexandra  Road,  Reading. 
140,  Hither  Green  Lane,  Lewisham. 

Telegraph       Department,      Melbourne, 

Victoria,  Australia. 
Indo-European  Government  Telegraphs, 

Shiraz,  Persia. 
25a,  Cockspur  Street,  S.W. 
68,  College  Street,  Chelsea,  S.W. 
80,  Mildenhall  Road,  Clapton. 
33,  Chapel  Street,  Southport. 
**King8field,"  Watford,  Herts. 
".Kingsthorpe,"  Northampton. 
Central  and  South  American  Telegraph 

Company,  Iquique,  South  America. 
7,  Queen's  Terrace,  Southampton. 
39,  Mount  Street,  Grosvenor  Square. 
23,    Leamington    Road    Villas,    West- 
bourne  Park,  W. 
Bismarkstrasse,      41',      MtUheim      am 

Rhein. 
Silver  Royd  House,  Wortley,  Leeds. 
Surrey  House,  Victoria  Embankment, 

W.C. 
31,  Milnshaw  Lane,  Accrington. 
5,  Blenheim  Parade,  Cheltenham. 
28,  Victoria  Street,  S.W. 
Amberley    House,    12,    Norfolk    Street, 

W.C. 
16,  Prebend  Gardens,  Chiswick,  W. 
28,  Therapia  Road,  Honor  Oak,  S.E. 
Brunswick  Buildings,  Brunswick  Place, 

City  Road,  N. 
"Suffolk  House,"  Putney  Hill,  S.W. 
14,  Victoria  Street,  S.W. 
Care  of  the  Morgan  Crucible  Co.,  Ltd., 

Battersea  Works,  S.W. 
Harrow  Eleatric  Light  and  Power  Co., 

High  Street,  Harrow. 
St.  Margarets,  Hitchin. 
"  Rosa  Alba,"  Highbury  Park,  N. 
The  Old  House,  Brentwood,  Essex. 
20,  Christopher  Street,  Finsbury,  E.C. 
46.  Wickham  Road,  Brockley,  S.E. 
Eastern  Telegraph  Company,  Gibraltar. 
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1894  §  Squire,  Hastings 
1874    Stacey,  Georgb  B. 

1900    Stamp,  F.W.     . 

1899  Stanger-Leathes,  L.  G. 

1900  Stannage,  George 

1898  §Stanspield,  H.  . 
1883  §  Staples,  Henry  J. 

1887  Starkby,  W.  J.  S.  Barrer 
1894    Starling,  Frank  H. 

1898    Starr,  George  H. 

1900    Starling,  Sydney  George 

1893  Steinthal,  W.  P. 

1898    Stephens,  Frederick  Charles 

1891    Stephens,  J.  H. 
1890  §Stephenson,  C.  A. 

1898  Steuart,  William 

1894  Stevens,  Arthur  Leighton     . 

1896    Stevens,  Wm.  Arthur  . 

1893    Stevenson,  Chas.  A.,  M.  Inst. 
L/.iii.,  a  .rC.SS.ilj. 

1888  Stewart,  A.  W. . 

1900    Stewart,  Alexander  Thomas  . 

1899  Stewart,  Andrew 

1898    Stewart,  Bertram  Gurney     . 

1874    Stewart,  D.       . 
1881    Stockdale,  Lawson 


1899  Stone,George  Ernest  Murray 

1889  Stotherd,  L.  H.  K.       . 

1891  Stothert,  J.  K.,  B.A.    . 

1874  Stout,  Egbert  . 

1892  Stratpord-Andrews,  T.  W. 

1896  Strohmenger,  Arthur  Percy. 

1897  Strutt,  Denner  John  . 
1884  Stuart,  Dudley 


Cross  Hall,  St.  Neots,  Hunts. 

Eastern  and  South  African  Telegraph 

Company,  Cape  Town. 
The  Willows,  Sunderland. 
9,   Walpole    Gardens,   Strawberry  Hill, 

Middlesex. 
Postal  Telegraphs,  Aldborough    House, 

Dublin. 
Municipal  Technical  School,  Blackburn. 
Spondon,  Derby. 

Aldenham  Park,  Bridgnorth,  Salop. 
42,    Bridgford    Boad    West,    Netting- 

ham. 
H.M.S.  **  Centurion,"  China  Station. 
Municipal    Technical    Institute,    West 

Ham,  E. 
41,  Piccadilly,  Bradford. 

13,  Bernard    Street,    Russell    Square, 
W.C. 

14,  Canton  Street,  Poplar,  E. 

"  Stratford,"  Taranaki,  New  Zealand. 
Care  of  Louisville  and  Nashville  Rail- 
way Co.,  Louisville,  U.S.A. 

22,  Arpely  Street,  Warrington. 
84,  George  Street,  Edinburgh. 

73,  Vanbrugh  Park,  Blackheath.  S.E. 

4,  Torphichen  Street,  Edinburgh. 

13,    Barrland    Street,    Maxwell     Road, 

Glasgow,  N.B. 
Forde  House,  40,  Upper  Richmond  Rd. 

Putney,  S.W. 
Blantyre  Park,  High  BUntyre,  N.B. 
Telegraph    Department,    London     and 

North  W^estem  Railway  Company, 

Preston. 
2,  Holly  Street,  Sheffield. 
Northumberland  Club,  Whitehall  Court, 

S.W. 
Southbank,     Goldney    Road,     Cliftou, 

Bristol. 
Postmaster,  Lerwick,  Shetland  Isles. 
8,  Pont  Street,  Belgrave  Square,  S.W. 
4,  ToUington  Place,  N. 
4,  St.  John's  Wood  Park,  N.W. 
The   National   Telephone   Co.,    Oxford 

Court,  Cannon  Street,  E.G. 
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1883    Stuart,  Frajicis  E. 
1893    Stuart-Menteath,  E.  T 
1898    Stuart,  Wm.  George 
1888  §Stubbs,  a.  J.      . 


N.8.    } 

A.  1900) 


SuoDEN,  Arnold 


1886  Sutton,  George 

1883  Sutton,  Henry 

1898  Swallow,  Moritz  G.  S 

1896  Swan,  R.  J.  Jocelyn 

1896  Sweet,  Andrew 

1888  SwETB,  Oswald  . 

1896  Swinburne,  Thos.  H.  M 

1891  Sykes,  Alfred  . 

1894  SziKACS,  G.  C.  F. 

1898  SzLUMPER,  Ernest  F. 


Victoria  Electrical  Works,  Ealing,  W. 
23,  Upper  Bedford  Place,  W.C. 
33,  Station  Road,  Prescot,  Lanes. 
Englneer-in-Chief's  Office,  General  Post 
Office,  E.G. 

8,  Knockholt  Grove,  Greenhithe,  Kent. 

27,  Martin's  Lane,  Gannon  Street,  E.G. 
290,  Bourke  Street,  Melbourne,  Victoria, 

Australia. 
Schlossberg  Platz,  Baden,  Go«   Aargau, 

Switzerland. 
32,  Gamberwell  New  Road,  S.E. 
102,  Hampstead  Road,  N.W. 
Gare  of  Messrs.  Mowat  &  Still,  Pieter- 

maritzburg,  Natal. 
Woodlands  Park,  Altrincham. 
74,  FitzwiUiam  Street,  Huddersfield. 
Bishopton  Spa,  Stratford-on-Avon. 
'*  Glanteifl,"  Kew  Gardens,  S.W. 


1897  Taite,  Charles  Davis  . 

1895  Tamplin,  Straun  W.  G. 
1891  Tandy,  Frank    . 

1898  Tarachand,  K.  M. 

1896  Targett,  Walter  Jeffrey 
1898  Tasker,  Edward  Ernest 


1900  Tate,  Tom  F.      . 

1890  Tate,  L.  G. 

1889  Taylor,  G.  G.    . 

1898  Taylor,  Harry  John 


1900    TAYiiOR,  Joseph  . 

1872    Taylor,  William  Grigor 


1877  JTeale,  Walter 
1898    Tervet,  Robert 

1898    Tebbier,  Arthur  Edward 


.    Electricity    Department,    Town    Hall, 

Southport. 
.    The  SporiJs  Glub,  8,  St.  James's  Square, 

S.W. 
155,     Amesbury     Avenue,      Streatham 

Hill,  S.W. 
.    Burlington      House,     Gumballa     Hill, 

Bombay. 
.     25a,  Gockspur  Street,  S.W. 

3.  Gumberland  Terrace,  Lloyd  Square, 

W.G. 
.     36,  Great  George  Street,  S.W. 
.     1,   York  Villas,  Hill    Rise,   Richmond, 

Surrey. 
.    Helsby,  Gheshire. 
.    "The    Lawn,"    Melboum,    Gambridge- 

shire. 
.    92,  Hyndland  Road,  Kelvinside,  Glasgow. 
.    Eastern  Extension  Australasia  &  Ghina 

Telegraph     Gompany,    Winchester 

House,  Old  Broad  Street,  E.G. 

.    Western     Electric     Gompany,     North 

Woolwich,  E. 
.    "  Southfield,"  London  Road,  Guildford. 
8 
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1891  Tester,  J.  F.     . 

1898  Thom,  William 

1887  Thomas,  Bertram 

1896  Thomas,  Eustace,  B.Sc. 

1897  Thomas,  Frank  C. 
1896  Thomas-Davibb,  George 
1877  Thompson,  F;  O. 

1900  Thompson,  Henry  Ellis 

1898  §Thompson,  Norman  Arthur    . 
1887  Thomson,    Anthony,    Captain, 

R.N.R.,  C.B.,  F.R.G.S. 

1889  Thornton,  E.     . 

1889  Thorrowgood,  W.  J.    . 
1877  Thwaites,  James 

1900  TiDDEMAN,  Edmund  D.  . 

1898  Todd,  John 

1890  Todd,  R.  R.        . 

1883  Todhunter,  William    . 

1898  Todman,  J.  ToRR 
1896  §T0LL,  Wm.  Edwin 

1900  TOLLBY,  F.  .  .  . 

1899  Tomlinson,  Henry  James 
1877  Topping,  F.  W. 

1899  Torrens,  Charles  Walter 

1896  Toulmin,  James 


1894    Toy,  W.  E. 

1894    TozER,  Howard  George 
1892    Trehbrne,  Hugh 

1883  §Trench,    The    Hon.    W.     Lb 
POER,  Col.,  R.E. 

1897  Trevor-Roper,  L.  C.    . 

1898  Tritton,  William  Ashbee 

1900    Trotman,  John  Price  . 

1891  §Tbott,  a.  H.  H. 

1892  Trotter,  Howard  B.    . 
1876    Tunbridgb,  W.  T. 

1898    Turnbull,  Herbert 


2,  Park  Road,  Dereham,  Norfolk. 
Madras  Electric  Tramways  Company,  1, 

RundaU's  Road,  Vepery,  Madras. 

Combrook  Telegraph  Works,  Man- 
chester. 

36,  Sisters'  Avenue,  Clapham  Common. 

Combrook  Telegraph  Works,  Manchester. 

Tylacrwth,  Ynysddu,  Newport,  Mon. 

Direct  United  States  Cable  Company, 
63,  Old  Broad  Street,  E.G. 

16,  Falcon  Road,  Birkenhead. 

"  Garlands,"  RedhiU,  Surrey. 

Trinity  House,  London,  E.C. 
87,  Stafford  Street,  Barrow-in-Furness. 
129,  Gladstone  Road,  Wimbledon. 
26,  St.  John  Street  Road,  ClerkenweU, 
E.C. 

62,  Kenninghall  Road,  Clapton,  N.E. 
30-42B,  Hampstead  Road,  N.W. 

20,  Perryn  Road,  East  Acton,  W. 

16,  Old  Dover  Road,  Blackheath,  S.E. 

Grove  House,  Surbiton,  Surrey. 
26,  Budge  Row,  Cannon  Street,  E.C. 
20,  St.  Mary's  Road,  Peckham,  S.E. 
Direct  United  States  Cable   Company, 

Ballinskelligs,  Co.  Kerry,  Ireland. 
Baston  Manor,  Hayes,  Kent. 
Care  of    the  British  Electric  Traction 

Company,      Limited,       Donington 

House,  Norfolk  Street,  Strand. 
12,  Louvaine  Road,  Clapham  Junction, 

S.W. 
Leybrook  Lodge,  Ringwood,  Hants. 
6,      Sofienstrasse,      Munich,      Bavaria, 

Germany. 

3,  Hyde  Park  Gardens,  W. 

24,  Cariton  Vale,  N.W. 

The    Linotype    Co.,  Ltd.,  Broadheath. 

Altrincham,  Cheshire. 
31,  Balchier  Road,  East  Dulwich.  S.E. 

63,  Queen  Victoria  Street,  E.C. 
London    and   North-Westem    Railway, 

Stafford. 
.  3,  Myddleton  Park,  Whetstone.  N. 
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1890    Turner,  Archer 

1896    Turner,  Arnold    . 
1889    Turner,  ChariiES 


1891    Turner,  Geo.  Oharles 

1889    TuTTE,  H.  E.      . 

1898    Tweedy,  Robert  Naudin 

1894  §TwEMi.ow,  Frederic  G. 

1898    TwYMAN,  Frank 
1898    Tyler,  E.  H.      . 

1882  §Tyler,  H.  E.,  Major,  R.E. 


Santa    Marta,    Republic    of    Colombia, 

South  America. 
Denton,  near  Manchester. 
Central  and  South  American  Telegraph 

Company,   Casilla   729,  Valparaiso, 

Chill. 
12a,   Upper   Wobum    Place,  Tavistock 

Square,  W.C. 
10,  West  Street,  Fareham,  Hants, 
Redruth,  Cornwall. 
13$l,  Bury  New  Road,  EQgher  Broughton, 

Manchester. 
54,  Haverstock  Hill,  Hampstead,  N.W. 
15,    Kirkstall    Road,    Streatham    HiU, 

S.W. 
•*  Parterre,"  Sandown,  Isle  of  Wight. 


1899  Unbehaun,  Albert  C.  . 

1889  Underhill,  Walter  R. 

1898  Unwin,  Philip  Ibotson 

1899  Unwin-Sowter,  W.  J.  . 
1898  Uttley,  E.  a.     . 


11  <fe  24,  Brookman's  Buildings,   Gren- 

fell  Street,  Adelaide. 
1,  Warrington  Crescent,  W. 
150,  Sinclair  Road,  Kensington,  W. 
Corporation  Electricity  Works,  Coventry. 
Grove  Villa,  Lime    Grove,  Longsight, 

Manchester. 


1891  Valentine,  W.  A. 

1898  Vance,  Claud  Edward 

1891  Vaughan,  G.  C.  . 

1874  Venndt,  C.  F.     . 

1889  ViGNOLES,  E.  B. 

1895  ViGNOLEB,  Walter  A.   . 
1877  VoLK,  Magnus   . 

1889  Vorley,  H.  B.    . 

1896  Vyle,  Gilbert  C. 

1897  Vyvyan,  Richard  Norman 


National  Telephone  Company,  Limited, 

Royal  Exchange,  Glasgow. 
36,  Woodstock  Road,  Bedford  Park,  W. 

16,  Kirby  Street,  E.C. 

Great    Northern    Telegraph    Company, 
3,  St.  Helen's  Place,  E.C. 

17,  Carlton  Mansions,  Portsdown  Road, 

W. 
18,Carlton  Man8ions,PortsdownRoad,W. 
Volk*s  Electric  Railway,  Brighton. 
32,  Cheapside,  E.C. 
National    Telephone    Co.'s    Offices,  65, 

Station  Street,  Nottingham. ' 


1895  Wagg,  Henry  John 

1899  Wakefield,  John  H.  M. 

1898  Wakelin,  John  Frederick 

1900  Walker,  Cromwell  J.  E. 
J898  Walker,  David  Brown 


15,  Great  George  Street,  S.W. 

The     Engineering    Department,     Post 

Office,  HuU. 
83,  Robert  Street,  Regent's  Park.  N.W.  . 
7,  Pool  Street,  St.  George's  Road,  Bolton. 
9,  Shardeloes  Road,  New  Cross,  S.E. 
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1897  Walker,  Frederick  Morier  . 
1891  .  Walker,  F.  Philip 

1894  Walker,  Miles  . 

1895  Walker,  Henry  Johm  . 

1898  Walker,  James  Alexander     . 
1895  Walker,  William 

1898  Walker,  William  Bryden 

1899  Walkom,  Archibald  John 

1888    WALLACE,  R.  W.,  Q.C. 

{Associate  Member  of  Council) 

1894  Wallace,  W.  G. 

1900  Wallace,  Wm.,  M.A.,  F.R.S.E. 
1883    Wallis,  Edwin  C. 

1893    Wallis,  Frank  . 

1895  §WALMi8LfeY,  Arthur  Thomas  . 
1877    Walrond,  T.  C.  T. 


1899  Wai/ter,  Arthur  Jambs 
1895  Walters,  Ernest  Helm 
1889  SWaltham,  John  C. 
1898    Walton,  John    . 

1894    Ward,  Arthur  Fox 
1897    Ward,  John  C.  A. 


1897    Ward,  John  Walton 

1894  Ward,  Norman  . 
1899    Ward,  Wilfrid  Henry 

1875  §Warner,  R.  a.   . 
1874    Warren  William 

1889    Warton,  Michael  S. 

1896  Wabon,  Rioby    . 

1876  §Watkin,  H.,  Major.  R.A. 
1899    Watlington,  Victor 
1878  'Watson,  Col.,  C.M.G.,  R.B. 

1897  Watson,  Kenneth 

1898  Watts,  Herbert  W. 

1895  §Watts,  Philip  James 
1880    Weaver,  A.  C.  M. 


36,  Wickham  Road,  Brockley,  S.E. 
Central  and  South  American  Telegraph 

Co.,  Santa  Elena,  Ecuador. 
St.  John's  College,  Cambridge. 
11,  Oxford  Terrace,  Gateshead-on-Tyne. 
300,  St.  Vincent  Street,  Glasgow,  N.B. 
36,  Gillott  Rd.,  Edgbaston,  Birmingham. 
55,  George  Street,  Edinburgh. 
Electrician's  Branch,  General  Post  Office, 

Sydney,  N.S.W. 
21,  De.Vere  Gardens,  Kensington,  W. 

Corfe  View,  Parkstone,  Dorset. 
Southern  Higher  Grade  School,  Leeds. 
54,  Chapel  Lane,  Headingley,  Leeds. 
Care  of  J.  Brooks,  Esq.,  35,  Larkhall  Rise, 

Clapham,  S.W. 
9,  Victoria  Street,  Westminister,  S.W. 
Albcmy  Buildings,  47,  Victoria  Street, 

S.W. 
3,  Crown  Office  Row,  Temple,  E.G. 
Church  Street,  Reigate. 
46,  York  Street,  Westminster,  S.W. 
The    Corporation     Electricity    Works, 

Manchester. 
61,  Kenninghall  Road,  Upper  Clapton. 
Mains    Supt.,     Glasgow     Corporation, 

Electricity  Department,  75,  Water- 

\po  Street,  Glasgow. 
43,  Rutland  Road,  nford. 
61,  Kenninghall  Road,  Upper  Clapton. 
South  Hill,  Bassett,  Southampton. 

Eastern  Extension  Telegraph  Company, 
Melbourne,  Victoria,  Australia. 

The  Residency,  Broome,  Western 
Australia. 


1,  Randolph  Gardens,  N.W. 

43,  Thurloe  Square,  S.W. 

Care  of  Professor  Kennedy,  F.R.S.,  17, 
Victoria  Street,  S.W. 

"St.  Glair,"  Durlston  Road,  Kingston- 
on-Thames. 

*'  Parkfield,"  Rickett's  Road,  New  Mos- 
ton,  near  Manchester. 

Eastern  Extension  Telegraph  Company, 
Singapore. 
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1878  Webb,  P.  H.       . 

1888  Webb-Watts,  T. 

1899  Webbeb,  W.  J.  . 

1900  Webster,  J.  T.  . 

1897  Weomobb,  Edmund  Basil 

1896  Weiss,  Sydney  . 

1897  §Welbourn,  Burke  wood 

1891  Welfare,  E.  J. 

1889  Wells,  Charles  A. 

1897  West,  Charles  . 
1896  West,  Howard  Stanley 

1898  Weston,  George 
1888  Wetton,  C.  E. 

1898  Wharton,  C.  C. 

1895  Wheadon,  Frederick  William 


1900  Wheelwright,  P.  P.     . 

1893  Whichello,  Norman    . 

1897  Whichello,  W.  H. 

1897  Whitaker,  Albert  Edward 


1894    Whitcher,  James 


1898 


Charles 


White,    Frederick 
Havers 

1894  §  Whitehead,  Charles  Selby  . 

1895  Whitehead,  William  Prout  . 

1898  Whiting,  Harry  George 
1900  Whittaker,  Wm.  Francis 
1900    Whysall,  F.  H. 

1888   gWlCKENDEN,  A.  H. 

1898    Wickins,  H.  R.  . 
Wig  AN,  C.  Harman 
WiGG,  Charles  Barnard 
Wiggins,  Albert  Edward 
Wiggett,  Hy.  Edward  Allan  . 
WiGRAM,  N.  G.    . 


1897 
1896 
1898 
1897 
1898 


1891    WiGHTMAN,  Richard 
1900    Wild,  Lancelot  W. 


9,  Fitzjohn's  Esplanade,  South  Hamp- 
stead,  N.W. 

6,     The     Avenue,      Keynsham,     near 

Bristol. 
"Walcote,"     Oxford     Road,    Moseley, 

Birmingham. 
94,  Darenth  Road,  Stamford  Hill,  N. 
Care  of  Messrs.  Weiss  Bros.,  14,  Broad 

Street,  Birmingham. 
Care  of  The  British  Insulated  Wire  Co., 

Prescot,  Lancashire. 
••  Blacklands,"  Chislehurst. 
Etna  Iron  Works,  Lewes. 
Cherry  Street,  Coventry. 

58,  Fenchurch  Street,  E.C. 

"Helsby,"  Elmdale  Road,  Palmer's 
Green,  N. 

26,  Halford  Road,  Richmond,  Surrey. 

The  Electric  Lighting  and  Traction  Co. 
of  Australia,  37,  Grenfell  Street, 
Adelaide. 

Carr  House,  Shipley,  Yorkshire. 

163,  Peck  Street,  Muskegon,Mioh.,U.S.A. 

Care  of  Messrs.  Victor  Uslaender  &  Cia., 
Rio  de  Janeiro,  Brazil. 

97,  Upper  Parliament  Street,  Notting- 
ham. 

120,  High  Street,  West  Cowes,  Isle  of 
Wight. 

11,  Victoria  Terrace,  Alexandra  Park,  N. 

26,  Glazebury  Road,  West  Kensington,W. 
Messrs.  Babcock  and    Wilcox,   Lt.,  68, 

Boulevard  du  Nord,  Brussels. 
Power  House,  Albert  Street,  Cork. 
Union  Street,  Dudley,  Worcester. 
72,  Clough  Road,  Rotherham. 
*'  St.  Michael's,"  Burgess  Hill,  Sussex. 

Cromwell  House,  East  Sheen. 

18,De  CrespignyPark,  Denmark  Hill.S.E. 

21,  Wharton  Street,  Lloyds  Square,  W.C. 

Weppons  Farm,  Steyning,  Sussex. 

"  Oakfield,"  Kirkstall  Lane,  Headingley, 

Leeds. 
9,  Brereton  Road,  Bedford. 
The  Grange,  New  Eltham. 


Digitized  by  LjOOQ  IC 


118 


ASSOCIATES. 


1897  WiLKiNS,  Charles  Frederick. 

- '  '  [  Wilkinson,  Albert  . 

1900  Williams,  E.  T. 

1891  Williams,  H.  B.,  Capfc.,  R.E.   . 

1900  Williams,  J.  Moseley  . 

1898  Williams,  R.  S. 

1896  Williamson,  Albert  Edward  . 

1889  Williamson,  John 

1898  Willis,  Jambs  Bonelle 

1886  Wilson,  Charles 

1899  Wilson,  Frank  Heathcote 

1900  Wilson,  Joseph  G.  . 
1900  Wilson,  Leonard 

1891  Wilson,  R.  P.     . 

1900  Wilson,  Robert  Martill 

1892  §  Wilson,  Wm.  Alexander 
1894  WiNSLOW,  G.  B.A. 

1889  Winstanley-Wallis,  T. 

1871  §WlNTER,  C.  E.     . 

1891  Winter,  George  B. 

1880  §WiSELY,  G.  A.  K.,  Capt.  R,E.    . 

1898  Withers,  W.  Norman  . 

1898  Wood,  Charles  James  . 

1894  Wood,  Henry  Gurney  . 

1896  Wood,  Leopold  A.  S.  . 
1900  Wood,  Lionel    . 

1891  Wood,  Reginald 

1900  Wood,  S.  R.  A.  . 

1897  Wood,  Captain  Walter 
1897  WooDPiBLD,  Sydney  . 
1900  Woodpin,  Norman  C.  . 
1894  WooDHOUSE,  Claude  H.  C. 


8,  Wolseley  Gardens,  Chiswick,  W. 
32,  Irwell  Grove,  Eccles,  Manchester. 
^7,  St.  Nicholas  Terrace,  King's  Lynn. 

26,    Meadow    Bank,  Institution    Road, 

Chatham. 
93,  Churchill  Road,   Willesden  Green, 

N.W. 
28,  Commercial  Road,  Guildford. 
Tramway  Depdt,  Bhowanipore,  Calcutta. 
145,  Stratford  Road,  Heaton,  Newcastle- 

on-Tyne. 

5,  Poppleton  Road,  Leytonstone,  E. 
The  Mansourah  Electric  Lighting  Co., 

Mansourah,  Egypt. 
Castle  Street,  Lisbum,  Ireland. 
93,  Toothill  Road,  Loughborough. 
8,  Prince's    Mansions,  Victoria  Street, 

S.W. 
**  Westwood,"  Brownside  Avenue,  Cam- 

buslang,  N.B. 

6,  Bernard  Street,  Russell  Square,  W.C. 

Care  of  Messrs.  J.  Chambers  &  Son,  Fort 
St.,  Auckland,  New  Zealand. 

Care  of  Messrs.  J.  H.  Holmes  &  Co., 
17,  Soho  Square,  W. 

Equitable  Life  Assurance  Soc.  of  the 
United  States,  6,  Princes  Street,  E.G. 

Assistant  Engineer,  South  Indian  Rail- 
way, Trichinopoly,  India. 

12,  Palace  Court,  Bayswater,  W. 

Care  of  F.  C.  Taylor,  Esq.,  5,  Rams- 
bottom  Road,  Horwich. 

59,  Clifton  Road,  Prestwich,  Lancashire. 

Care  of  Messrs.  Siemens  Bros.  &  Co.,  Ltd., 
Cable  Department,  Telegraph  Works, 
Woolwich. 

74,  Cheapside,  E.C. 

66,  Prince's  Gate,  S.W. 

Fen  Moor,  Bottisham,  Cambs. 

The  R.I.E.  College,  Cooper's  HUl, 
Egham,  Surrey. 

Woodite  Works,  Mitcham,  Surrey. 

96,  Addison  Gardens,  Kensington,  W^. 

Ferguslie  Place,  Paisley,  N.B. 

Care  of  The  Woodhouse  and  Baillie 
Electric  Power  Co.,  Ltd.,  Bordi- 
ghera,  Italy. 
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1877    Woods,  James  W. 

1892  WooiiER,  Herbebt 
1899    WooDLEY,  Frank  Triste 

1891  §WooLLCOMBE,  Dr.  Robert  Lloyd, 
M.  A.,  LL.D.,  F.I.Inst.,  M.R.I.  A. 
1891    Wormell,  Robert  Alfred 

1893  WoRMULL,  F.  A.  S. 

1895    Wraith,  William  H.    . 

1899 

1889 

1900 

1881 


Wray,  Arthur  J. 
Wray,  Cecil 
Wray,  Peter  Remus 
Wren,  G.  G. 


1899  Wright,  Archibald 
1898  Wright,  E.  H.   . 

1898  Wright,  Henry  Hodgson 

1877  Wright,  James  J. 

1900  Wright,  T.  B.    . 
1879  Wright,  Thomas 

1894  Wright,  Thomas 

1897  Wyatt-Edgell,  Mbrrik  R.  A. . 

1896  §Wyld,  William 

1886  Wyse,  E.V. 


Superintending  Engineer,  Postal  Tele- 
graphs, Birmingham. 

99,  Bishop  Street,  Manchester. 

"Avoca  Lodge,"  4,  Branstone  Gardens, 
Kew  Gardens,  S.W. 

14,  Waterloo  Road,  Dublin. 

16,  Wellesley  Grove,  Croydon. 

The  National  Telephone  Company,  Ltd., 

Oxford  Court,  Cannon  Street,  E.C. 
Corporation  Electricity  Works,  Wakefield, 
163,  Drummond  Street,  Carlton,  Victoria. 

42,  Tollington  Road,  Holloway,  N. 

Superintendent,  Eastern  Extension  Tele- 
graph Co.,  Batavia,  Java. 

119,  Buckingham  Palace  Road,  S.W. 

25,  Fern  Street,  Coppice,  Oldham. 

8,  Park  Road,  Halifax,  Yorks. 

Messrs.  Siemens  Bros.  &  Co.,  65,  Pitt 
Street,  Sydney,  New  South  Wales. 

2,  Berkeley  Terrace,  Glasgow. 

The  Eastern  Telegraph  Company,  21, 
Alameda  de  Apodaoa,  Cadiz. 

136,  Bothwell  Street,  Glasgow,  N.B. 

Cowley  Place,  Exeter. 

**  Bronte  Villa,"  Oakswell,  Wednesbury. 

Eastern  Telegraph  Company,  Carcavellos, 
Portuged. 


1900  Yates,  A.  T. 

1890  Ybaman,  C.  H.    . 

1894  Young,  Benjamin 

1899  Young,  C.  T.  J.  . 

1900  Young,  Ernest  Vanderpoel 

1893  Young,  Frederick 


Oak  Lodge,  Carson  Road,  West  Dulwich, 

S.E. 
7,  Roseleigh  Avenue,  Highbury,  N. 
Leek  Street,  Birmingham. 

316,      Rebecca      Street,      Wilkinsburg, 

Pittsburg,  Pa.,  U.S.A. 
24,  Dover  View  Terrace,  Barton  Road, 

Dover. 


1897    Zerega,  John  Ortelli 


Care   of    The    British  Aluminium  Co., 
9,  Victoria  Street,  S.W. 


ToUU  Number  of  A890cuUes 


1624 
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1898    Adey,  E.  a.         . 

1896    Adleb,  Benjamin  H.  I. . 

1898    Alexandeb,    Robert    Donald 

Thain 
1898    Allden,  Thomas  Forster 
1898    Allen,  Vebo.  M. 
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1899  Mayne,  Gerald  W. 

1898  Mblsom,  Sydney  William 

1899  Mbrtens,  Bernard  de  Moun- 

teney  .  .  .  . 

1900  Midgley,  a.  H. 
1899  Millar,  C.  H.    . 

1898  Miller,  Francis  S. 

1899  Miller,  T.  Pitt 

1900  M^ILSTED,  R.  W. 

1897  Milton,  Christopher  Oscar    . 
1900  Milton,  John 

1899  Moberly,  Charles  Noel 

1898  Moberly,  Rupert  Mondel 
1898  MoNSON,  Charles  Bernard 

1898  Moore,  Arthur  Nicols 

1899  Moore,  Percy  G. 

1898  Morgan,  Edward  Domett 

1900  MoRLEY,  Frederick  H. 
1900  MoRPHY,  B.  Harold     . 

1899  MoRRAH,  Edward  James 
1897  Morris,  John  Leslie  . 

1897  Morrison,  George 

1898  MoRSHEAD,  Leslie  Robert 

1900'  MouLTON,  H.  Fletcher 

1898  MuNRO,  Donald  Smbaton 

1900  Murphy,  Leonard 


"  Invermark,"  115,  Greoncroft  Gardens, 

South  Hampstead,  N.W. 
G.E.R.    Electric   Light   Dept.,   Norton 

Folgate,  E.C. 

15,  Ashbourne  House,  Red  Lion  Square, 
W.C. 

16,  Ashbourne  House,  Red  Lion  Square, 

W.C. 
18,  Lawson  Road,  Broomhill,  Sheffield. 
30,  Guilford  Street,  Rus.sell  Square,  W.C. 
20,  Avenue  Road,  Grantham. 
Royal  Arsenal,  Woolwich,  S.E. 
41,  Stow  Hill,  Newport,  Mon. 
23,  Bark  Place,  Bayswater,  W. 

Whitmore,  Cuckfield,  Sussex. 

109,  Haslemere  Road,  Forest  Gate,  E. 

Brook  Lawn,  Blackrock,  Co.  Dublin. 

Manor  House,  Old  Maiden,  Worcester 
Park,  Surrey. 

**  Merlewood,"  Grange-over-Sands,  Lan- 
cashire. 

White  Lodge,  Streatham  Common,  S.W. 

The  Electric  Light  Station,  Dagger 
Lane,  Hull. 

Electric  Light  Station,  Angel  Lane, 
Northampton. 

15,  Victoria  Street,  Loughborough. 

59,  Albert  Bridge  Road,  S.W. 

Town  Hall,  Kensington,  W. 

Blackpool  and  Fleetwood  Tramroad  Co., 
Bispham,  near  Poulton,  Lanes. 

64,  Radipole  Road,  Fulham,  S.W. 

Wick  House,  Wadhurst,  Sussex. 

Sydney  Mount,  Counter  St.,  Stockport. 

29,  Deodar  Road,  Putney,  S.W. 


c/o    Mrs.    McDonald,    135,    Rosemount 

Place,  Aberdeen. 
Power  House,  Blackpool  and  Fleetwood 

Tramways  Co.,  Bispham,  Lanes. 

57,  Onslow  Square,  S.W. 

58,  Kelvingrove  Street,  Glasgow,  N.B. 
25,  Wrottesley  Road,  Plumstead,  S.E. 
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1898  Nash,  Arthur  G. 

1898  Nabh,  Ernest  R. 

1899  .  Nesbitt,  Thos.  C. 

1898  Nbttley,  Charles  Nunn 

1899  Newman,  Kenneth  Ghas.  Hor- 

TON 

1898  Newton,  Charles  Ernest 

1898  Nicholson,  F.  H. 

1898  Ndcon,  Charles  Basil  . 

1899  NoRMOYLE,  Thomas 
1897  NoRRis,  Alexander  W. 

1900  NoRTHCoTE,  Henry  Felix 
1899  NoTT,  Harry  Augustus 


Telegraph  Department,  Great  Eastern 

Railway,  Liverpool  Street    Station, 

E.G. 
Telegraph  Department,  Great  Eastern 

Railway,  Liverpool  Street  Station. 

E.G. 
129,  Trinity  Road,  Upper  Tooting,  S.W. 
49,  Devonport  Road,  Goldhawk  Road,  W. 
The  Gottage,North  Lu£Fenham,Stamford» 

Lincolnshire. 
**Martley,"      Leigham      Court     Road, 

Streatham,  S.W. 
25,  Cleveden  Place,  Eaton  Square,  S.W. 
Lancashire     and     Yorkshire     Railway 

Works,  Newton  Heath,  Manchester. 
Care  of  R.  Allport,  Esq.,  Melville  Street, 

Hobart,  Tasmania. 
Care  of  G.  F.  Norris,  Esq.,  Q.G.,  Quarry, 

Looe,  R.S.O.,  Cornwall. 
39,  Fitzroy  Road,  Primrose  Hill,  N.W. 
The  Electrical  Works,  Cheltenham. 


1898    Ockenden,  Douglas 
1897    Ottaway,  Herbert  Wm. 


135,  Coningham  Road,  Shepherd*s  Bush, 
W. 


1900  Palmer,  John    . 

1900  Parker,  Malcolm 

1897  Parkinson,  E.  A. 

1898  Payne,  Alfred  Edward 

1897  Pearson,  Hugh  Almack 

1900  Pearson,  R.  Lloyd 

1897  Pechey,  Gilbert  A. 

1900  Penny,  R.  W.     . 

1899  Percy,  Habby  L. 

1900  Perkins,  E.  P.  . 

1898  Pettifob,  Pbbcy  Godfrey 
1898  Phillips,  Christopher  Allan 


3,    Glenluce    Road,    Westcombc    Park, 

Blackheath,  S.E. 
25,  Bracklyn  Street,  London,  N. 

91,     St.     Augu8tine*s    Road,    Camden 

Square,  N.W. 
1,  Victoria  Terrace,  Bridlington,  Yorks. 
Fakenham,  Norfolk. 
Langham,     Liverpool    Road,     Enfield, 

Sydney,  N.S.W. 
''Altamira,**  Stonebridge  Park,  Willesden, 

N.W. 
66,  Westmoreland  Road,  Newcastle-on- 

Tyne. 
Luton  House,  Dunstable,  Beds. 
21,  Woodboro  Road,  Nottingham. 
16,  Albert  Square,  Clapham,  S.W. 
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1898  Pipe,  Frederick  V. 

1898  PiTCAiRN,  Arthur  Noel 

1898  PiiETTS,  J.  St.  Vincent 

1899  PoiNTON,  John  Guy 
1898  PooiiEY,  Arthur  Milnes 

1898  Pope,  Alexander 

1898  Powell,  Albert  Richard 

1899  Pring,  Francis  E. 

1900  Pritchard,  Fred. 

1898  Purse,  Frederick  Walter 


.    66,  Lennox  Road,  Finsbury  Park,  N. 

.    93,'  Toothill  Road,  Loughborough. 

.    Care   of  Marconi's  Wireless  Telegraph 

Co.,  Ltd.,  18,  Finch  Lane,  E.C. 
.    O'Keefe  Street,  W.  Gabba,  Brisbane. 
,    33,  Queen  Anne's  Grove,  Bedford  Park^ 

W. 
.    20,   •Herbert     Street,    Toothill    Road,. 

Loughborough. 
.     14,  Springfield  Road,  New  Southgate. 
.     21,  Rheola  Street,  Penrhiwceiber,  R.S.O.  > 

Glam. 
.     7,  Oseney  Crescent,  Camden  Road,  N.W. 
.    5,  Ssklisbury  Road,  Redland,  Bristol. 


1894    Quennell,  A.  W. 


44,  Foxley  Road,  North  Brixton,  S.W. 


1898  Ransom,  Sidney 

1898  Rasecki-Morton,  Emile 

1898  Read,  Ayton,  H. 

1898  Reckenzaun,  Augustus 

1898  Rbdmayne,  Leonard 

1900  Reid,  Duncan    . 

1897  Reiss,  Ferdinand  Edward 

1898  Roberts,  William 

1898  Robinson,  Edmund  Lewis 

1899  Robinson,  Percival  James 

1897  RoDWELL,  Henry  Kirby 

1898  Roget,  Samuel  Romilly,  B.A. 

1900  RoosE,  F.  O.  J.  . 

1899  Rosenheim,  E.  A.,  B.Sc. 

1899  Ross,  John  Albert 

1900  Ross,  Wm.  Stewart 
1900  Rouse,  F.  R.  C. 
1898  Russell,  Reginald  Pearson 


Holker     House,     St.     Mary's     Grove, 

Chiswick,  W. 
116,  Queen's  Road,  Finsbury  Park,  N. 
39,    Willoughby  Terrace,  Burrell  Road, 

Ipswich. 
34,  Hemberton  Road,  Clapham,  S.W. 
Limoford  Mills,  Bakewell,  Derbyshire. 
39,  Newton  Street,  Greenock,  N.B. 

North  End  House,  FitzGeorge  Avenue,. 

West  Kensington,  W. 
Care  of    D.  Bruce  Peebles,  Esq.,  Tay 

Works,  Bennington,  Edinburgh. 
*' Hycroft,"  Erith,  Kent. 
Care  of  The  British  Thomson  Houston 

Company,  83,  Cannon  Street,  E.C. 
5,  Randolph  Crescent,  Maida  Hill,  W. 
45,  Hill  Street,  Berkeley  Square,  W. 
Barnard's  Hotel,  Chelmsford. 

12,  Seymour  Street,  Hollinwood,  Lanes. 

204,  Kentish  Town  Road,  N.W. 
Faraday  House,   Charing  Cross    Road, 

W.C. 
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1900  Sadler,  Alfred 

1896  Sadler,  Hubert 

1898  Saunders,  Frbdbric    . 

1900  Saw,  G.  B.  D.  Croft     . 

1898  Sawbrb,  Normak  Glive 

1900  SCHOFIELD,  J.  E. 

1898  SCRUBY,  HOBnOBTT        .    . 

1898  Seelet,  Charles  Gage 

1900  Seaoer,  Francis  Percy 

1900  Seward,  Harry 

1898  Shee,  William  G. 

1898  Sheppard,  Eustace  Graham   . 

1898  Shoolbred,  J.  J.  Frank 

1898  Simeon,  Charles  John 

1899  SrrzLER,  Lewis  E. 

1898  Smail,  James  C. 

1899  Smith,  Thomas  Gregory 
1898  Solomon,  Maurice 

1898  Spence,  Edmund  Ramsay 

1898  Spencer,  William 

1894  Squibb,  Benjamin  Thomas 

1898  Stacey,  Francis 

1897  Stapley,  Menzies  A.    . 

1900  Starkie,  James  E. 

1899  Steele,  Charles  Hallewell 

1898  Stephens,  Alfred  Langrish  . 

1898  Stephens,  Hugo 

1897  Stephenson,  Clement  T. 

1899  Stevenson,  George 

1900  Stewart,  Christopher 

1898  Stone,  John  Hartrick 
1898  Sumner,  Piers  . 

1900  Symons,  Harold  Dalrymple  . 


Febina  House,  Bushbuiy  Lane,  Wolyer- 

hamptoii. 
Cannon  Street  Hotel,  E.C. 
25,  Cloadesley  Street,  ClerkenweU,  £.G. 
58,  Brownswood  Road,  N. 

7,  St.  John's  Park,  Blackheath,  S.E. 
Green  Villa,  Marsden. 

29,  Albyn  Road,  St.  John's,  8.E. 

Wellington  Esplanade,  Lowestoft. 

17,  Spring  Hill,  Sheffield. 

47,  Rathcoole  Avenue,  Hornsey,  N. 

55,  West  HiU,  Wandsworth,  S.W. 

119,  Fentiman  Road,  Clapham,  S.W. 

3,  Monton  Street,  Moss  Side,  Manchester. 

Faraday   House,  Charing   Cross  Bead, 

W.C. 
IS,  Cornwall  Street,  Edinburgh. 
"  Clevedon,"  Lewisham  Hill,  S.E. 
12,  Edith  Road,  West  Kensington,  W. 
102,  Lewisham  Road,  S.E. 
"Percy    House,"    Twickenham     Park, 

S.W. 
176,  Blackfriars  Road,  S.E. 
41,  Mill  HiU  Road,  Acton,  W. 
29,  Maryon  Road,  Old  Charlton,  SJB. 
Worcester  House,  Harold  Street,Brixton, 

S.W. 
51,  Moulsham  Street,  Chelmsford,  Essex. 
Caradoc,  Llandudno,  North  Wales. 
"  The  Gorse,"  Knutsford,  Cheshire. 
17,  Bright  Street,  Wolverhampton. 
"  Changue,"  Cumnock,  N.B. 
71,  Wood  Lane,  Treeton,  Rotherham, 

Yorkshire. 

8,  Oak  Grove,  Cricklewood,  N.W. 
The  Lodge,  Shere,  Guildford. 
12,  Loraine  Road,  Holloway,  N. 


1900  Tamm,  C.  p.  H. 

1898  Tatghell,  George  Albert 

1898  Tatham,  Herbert  Everard 

1898  Taylor,  Charles  Henry 

1898  Taylor,  George  Stamp,  Jun. 

1898  Temple,  Sydney  John  , 


116,  Brondesbury  Villas,  Kilbum,  N.W. 
King  Street,  Emsworth,  Hants. 
Norwood    House,    Bispham,    Poulton, 

Lancashire. 
'*  Shovelstrode,"  East  Grinstead. 
Clifton  House,  Beeston  Hill,  Leeds. 
8a,  Lansdown  Road,  Lee,  S.E. 
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1900  Thatchbb,  Cybil  Fbedebick 

1898  Thomson,  Hedley  Jeffreys 

1897  Thomson,  Mubbay 
1900  TiDMAN  Fbank 
1900  TONGB,  C.  P.        . 

1899  ToppiN,  William  A. 

1898  ToBPY,  Reginald  N. 
1898  TovEY,  Habby  Tubneb 

1900  Tbacey,  Albbbt  Isaac  . 

1898  Tbimnell,  Leonabd  Ghables 

Boughby 

1898  Tbussleb,  William  T.  . 

1897  Tunbbidge,  Edw.  Alf. 
1900  Tubnbull,  Geobge  Eliot 

1898  TuBQUANDy  Wm.  Allen 

1898  TuxEN,  OsGAB  Alpbed  . 

1899  Tybbell,     Geobge     Nugent 

1899  Tyson,  Sydney  M. 


35,  Lancaster  Boad,  Hampstead,  N.W. 
60,  Purser's  Cross  Road,  Pulham  Road, 
•  S.W. 

'*  Fairlight,"  Eastbourne,  Sussex. 

St.. Barnabas  Vicarage,  Sutton,  Surrey. 

187,  Ghippinghouse  Road,  Sheffield. 

35,  Ghorley  Old  Road,  Bolton. 

King's  GoUege,  Strand,  W.C. 

TilQyard  Road,  York  Road,  N. 

Faraday  House,  Gharing  Gross  Road, 
W.G. 

Windmill  Hill,  Enfield,  Middlesex. 

39,  Gastle  Street,  Reading. 

3,  Oakley  Orescent,  Ghelsea,  S.W. 

10,  St.  Andrew's  Road,  West  Kensing- 
ton, W. 

11,. Norfolk  Square,  Hyde  Park,  W. 

Gadeby  Hall,  North  Thoresby,  S.O., 
Lincolnshire. 


1899    Undebwood,  Gapt.  W.  J. 
1899    Upton,  Henby  Mitchell 


18,  Kassala  Road,  Battersea  Park,  S.W. 
"Haslemere,"  Gourt  Road,  Sutton. 


1900  Vbbity,  E.  R. 

1898  ViGNOLES,  Leonhabd    . 

1900  ViGOB,  Theophilus  H. 

1898  Vines,  Glement  E. 


8,  Bolton  Road,  Harlesden,  N.W. 
118,  New  London  Road,  Ghelmsford. 
4,  Adelaide  Villas,  Hither  Green  Lane, 

Lewisham,  S.E. 
26,  Kempsford  Gardens,  S.W. 


19C0  Waits,  Rupebt  Habold 

18i98  Wabd,  Edgab  Benson  . 

1899  Walkeb-Hanna,  John  . 

1900  Walsh,  Guy 

1900  Wabbubton,  p.  A.  E.    . 

1900  Wabback,  John 

1897  Watebs,  Wm^  Laubence 
1899  Watebmeyeb,  Theodobe  H. 

1899  Watkinb,  Abthub  A.     . 

1898  Watson,  Ebic  Victob  . 


47,  East  Mount  Road,  York. 

Sedan  House,  Albert  Street,  Harrogate. 

c.s.     **  Grappler,"     Barbadoes,    British 

West  Indies. 
182,  Haverstbck  Hill,  Hampstead,  N.W. 
41,  Edith  Road,  West  Kensington,  W. 
44,  Dalmarnock  Road,  Glasgow,  N.B. 
18,  Elliscombe  Road,  Gharlton,  Kent. 
62,  Redcliiie  Road,  South   Kensington, 

S.W. 
8,  Exeter  Road,  Festing  Park,  Southsea. 
26,  Trafalgar  Square,  Chelsea,  S.W. 
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1898  Watson,  Henry  Sinclaib 

1897  Webeb,  Andrew  Cyril 

1899  Webb,  F.  R. 

1900  Webberley,  Percy 

1899  Wells,  Cuthbbrt  Ernbst 
1896  Westbrook,  F.  K. 

1900  Westbrook,  Richard   . 

1898  West,  John  H.  . 

1896  Weston,  Harry  Charles 

1899  Wheeler,  W.  T. 

1898  Whitaker,  Frank  Percy 

1900  WiGNER,  Frank  Herbert 

1898  WiGRAM,  Arthur  Woolmore   . 

1899  Williams,  F.  P. 

1898  Williams,  Harold  Henderson 

1897  Wilkes,  Andrew 

1899  Wilkinson,  Herbert  Tatlock 

1900  WiLMOT,  A.  C.    . 

1898  WiMSHURST,  Francis  Victor   . 
1898  WiNTON,  Harold  John 

1898  Wood,  Charles  William 

1899  Wood,  Henry  Erskine  Newton 
1898  Wood,  Maurice  Arthur 

1898  Woodward,  Percy  John 

1895  Wray,  John  Harold     . 

1898  Wright,  Walter  T.      . 

1900  Wright,  William  S.     . 

1900  Wynne,  Edgar  R. 


15,  Victoria  Street,  Loughborough. 

82,  Wellington  Road,  Old  Charlton,  Kent. 

Old  Bleach   Linen  Co.,  Ltd.,  Randals- 

town,  CO.  Antrim,  Ireland. 
"  Ludwall  House,"  Highfields,  Longton, 

Staffs. 
"Merrion,^*  Ashby  Road,  Loughborough. 
32,  Abbey  Road,  St.  John's  Wood.  N.W. 
6,  Claremont  Road,  Highgate,  N. 
Bellerieve,  Downshire  Square,  Reading. 
80.  Chancery  Lane,  E.C. 
care  of  the  Dover  Electricity  Supply  Co., 

Park  Street,  Dover. 
17,  Farndale  Road,  East  Greenwich,  S.E. 
92,  Tyrwhitt  Road,  St.  John'^,  S.E. 

13,  Salem  Hill,  South  Sunderland. 

Fern  Dale,   Ruehford  Avenue,  Levens- 

hulme,  Manchester. 
2,  Southbrook  Road,  Lee,  S.E. 

14,  Tennis  Street,  Old  Trafford,  Man- 
chester. 

182,  Haverstock  Hill,  Hampstead,  N.W. 

36,  Rendlesham  Road,  Clapton,  N. 

Spoldhurst,  Tunbridge  Wells. 

"  Edensor,"  Part  Street,  Southport. 

•*  Ynyslas,*'  Sidoup,  Kent. 

44,  Dewhurst  Road,  West  Kensington 
Park,  W. 

112,  Northumberland  Park,  Tottenham. 

Electricity  Works,  Martinez  28,  Malaga, 
Spain. 

21,  Bloom  Street,  Stockport. 

28,  Belle  Vue  Road,  Wandsworth  Com- 
mon, S.W. 

56,  South  Park  Road,  Wimbledon,  S.W. 


1899    Younger,  Francis  N. 


"  Hillside,"  Moulsham,  Chelmsford. 
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1895    Albright,  H.  F. 
1888    AsANO,  OsuKE.  M.E. 

1888    AwoKi,  Daizaburo,  M.E. 


Care  of  the  Western  Electric  Co.,  57, 
Bethune  Street,  New  York  City. 

District  Engineer,  Telegraph  Depart- 
ment, Ministry  of  Communications, 
Tokio,  Japan. 

Director  of  Posts  and  Telegraphs,  Kyoto, 
Japan. 


1881  Baldwin,  William  D.  . 

1893  Bannai,  Toraji,  M.E.   . 

1881  Bakxbux,  Joseph 

1890  Baptista,    Dr.   JoXs  Nepomu- 

CENO 

1885  §Babkeb,  Prof.  G.  P.      . 
1874    Batghelob,  Charles    . 

1883    Bauix)t,  Emile  . 
1890    BERMAN,J.      . 

(Local  Hon.  Sec.  and  Treasurer 
f Of*  Netherlands  Indies) 
1894    BiHET,  Oscar 

1896    Blondel,  Professor  Andr£ 
1877    Bolton,  Marco  Antonio 

1890  §BoscHAN,  Arthur  von  . 
1892    Brown,  C.  E.  L. 
1894    Brtn,  Knud 
1898    buuiller,  boderick  b. 


25,    Grant    Place,    Washington,    D.C., 

U.S.A. 
The    Tokio    Electric    Light    Company 

Tokio,  Japan. 
Belgian  State    Telegraph    Department 

Brussels. 
Director-General  of  Brazilian  Telegraphs, 

Rio  de  Janeiro.  . 
The  University,  Philadelphia,  U.S.A. 
38,  West  Twenty.fifth  Street,  New  York 

City,  U.S.A. 
1,  Rue  Littr6,  Paris. 
Inspector   of    Java    Government    Tele 

graphs,  Batavia. 

Director  of  the  Soci^t^  St.  Leonard 
(Outils),  1,  Rue  St.  Leonard,  Li^ge. 

41,  Avenue  de  la  Bourdonnais,  Paris. 

Cia  del  Telegrafo-Trasandino,  Valparaiso 
Chili. 

Kantgasse,  3,  Vienna. 

Villa  Kreuzleherg,  Baden,  Switzerland. 

Hafslund  pr  Sarpsborg,  Norway. 

Antwerp  Telephone  Co.,  Bercham,  Ant 
werp. 


1894    Gabral,  Prof.  Paulo  Benjahin    R.  Duque  Braganza,  20,  Lisbon. 

1890  §Gailho,  Marius  .    Ing^nieur    des    T^l^graphes,    111,    Rue 

Mozart,  Paris. 
1872  §Capanema,  Baron  de    .  .    Rio  de  Janeiro. 
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1895  Goby,  Professor  Glabence  L.   . 
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1888  Deries,  Armand 

1891    Deutsch,  Felix 

1891      DiEBMAN,  W.        . 

1876    D*Inpbeville,  Geobge 

1898    Dbesing,      Fred.      Michael 

NiCOLAI 


Westeras,  Sweden. 

113,   West    Thirty-eighth    Street,  New 

York,  U.S.A. 
Noroton,  Gonneoticut,  U.S.A. 
Director-General  of    the  Belgian  Tele- 

grraphs,  Brussels. 

Direction  des  Postes  et  Telegraphes,  Rue 

Colbert,  Marseilles. 
ShifEbauer  Damm,  22,  Berlin. 
1,  Rue  St.  Ltonard,  Li^ge,  Belgium. 
10,  Desbrosses  Street,  New  York  City, 

U.S.  A. 
The    Great   Northern    Telegraph    Co., 

Shanghai. 


1873  EcKEBT,  Gen.  Thomas  T. 

1874  Edison,  Thomas  A. 
1876  Eldik,  R.  K.  van 

1899  Epstein,  Professor  J.     . 


President  and  General  Manager,  Western 
Union  Telegraph  Company,  195, 
Broadway,  New  York.  U,S.A. 

Orange,  New  Jersey,  U.S.A. 

Divisional  Inspector  of  Netherlands  Tele- 
graphs, The  Hague,  Holland. 

Messrs.  W.  Lahmeyer  k  Co.,  Hdchster- 
strasse,  45,  Frankfort-on-Maine. 
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fFARQUES,  John 


A.  1875  1 
P.M.  1883  ] 
1893  §Pabman,  D. 
1899    FouBNiEB,  Paul 
1882    Pbatssiniek,  J. 


1881    Pbeeman,  Pbank  L. 
1878    Pbohuch,  Dr.  Oscar    . 
1884    FUJIOKA.  ICHISUKE,  M.E., 
Dr.  E.  {Local  Hon.  Sec.  and 
Treasurer  for  Japan) 


53,  Bue  Lafayette,  Paris. 

Bus  Ghristophe  Colomb,  Calais. 

India-Bubber,  Gutta-Percha,  and  Tele- 
graph Works  Company,  396,  Calle 
Beconquista,  Buenos  Ayres. 

931,  F  Street,  Washington,  D.C.,  U.S.A. 

94,  Markgrafen  Strasse,  Berlin. 

56,  Zaimokucho,  Azabu,  Tokio,  Japan. 


1883  Gi:BABD,  Professor  Ebic 

1884  GlLLULAND,  E.  T. 

1892    GoiCHOT,  Louis 


1891     GoLLNEB,  D.         . 

1897    GOSSELIN,  XAVIEB 

{Local  Hon.   Sec.  and  Trea- 
surer for  France) 
1875    Gbam ACCiNi,  Jules  H.  F. 

1889      GUILLEAUME,  T. 


43,  Bue  St.  GiUes,  Lidge,  Belgium. 

P.O.  Box  56,  Pelham  Manor,  N.Y., 
U.S.A. 

Compagnie  des  Mines  de  Blanzy,  Mont- 
ceau-les-Mines,  Sadne  et  Loire, 
France. 

Inspector-General,  Dutch  Indian  Govern- 
ment Telegraphs,  Batavia. 

12,  Bue  de  St.  Quentin,  Paris. 


14,  Bue  Labruy^re,  Paris. 

Carlswerk,  MtUheim  (Bhein),  Germany. 


1896    Hall,  CM. 

1889    Hall.  E.  J.,  Jun. 
1877    Hamilton,  Geobge  A.  . 

1891    HAMMAB,  JOHN  HENBIK    . 
{Local  Hon.  Sec.  and  Treasurer 
for  Sweden) 
1891    Haseqawa,  T.,  M.E.      . 

1891  Hayashi,  S.,  M.E. 

1892  Heilbobn,  August 
1877    Helland,  George  J.     . 

1875    Henningsbn,  Jacob 


The    Pittsburgh    Beduction    Company, 

Pittsburgh,  Pa.,  U.S.A. 
15,  Dey  Street,  New  York,  U.S.A. 
Western  Electric  Company,  70,  Trinity 

Place,  New  York  City,  U.S.A. 
Managing    Director,    The     De     Laval 
Electric  Company,  Stockholm. 

Engineer,  Post    and  Telegraph    Office, 

Osaka,  Japan. 
Care    of     Eosaka-Eosan,     Eafunogori, 

Bikuchu,  Japan. 
22,  Skeppsbron,  Stockholm. 
Store   Nordiske    Telegraf    Selskab,    26, 

Eongens  Nytorv,  Copenhagen. 
Great    Northern    Telegraph    Company, 

Shanghai. 
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1897  HiLLAiitET,  Andr£ 

1881  HosFiTAiJER,  Edouard 

1889  HuBER,  Colonel  . 

1889  HuLTMAN,  Axel 


22,  Rue  Yicq-d*Azir,  Paris. 
12,  Rue  de  Chantilly,  Paris. 
Maschinenfabrik  Oerlikon,  Zurich. 
The     Royal     Telegraph      Department, 
Stockholm. 


1889    lOARASHi,  H.,  M.E. 
1894    iNSULii,  Samuel 
1891    IWATA,  Takeo,  M.E. 


Ministry    of    Communications,    Tokio, 

Japan. 
The  Edison    Electric    Light  Co.,    139, 

Adams  Street,  Chicago,  U.S.A. 
Communication    Bureau,    Civil    Dept., 

Grovomment       General,        Taipne, 

Daiwan,  Formosa. 


1894 
1894 


Jansen,  W.  p.  S. 
Jatneb,  F. 


1884  §Jen8en,  Christian 

1887    JENSEN,  J.  L.  W.  V.,  P.M.S. 
{Local  Hon.  Sec.  and  Trea- 
surer for  Denmark\ 
1881    Jones,  F.W.      . 
1891  §JouRDA»,  Arthur 


The  Western  Union  Telegraph  Co.,  San 
Francisco. 

Yunnan,  care  of  I.M.  Customs,  Mongtso, 
via  Haiphong,  Tonquin,  China. 

Engineer-in-Chief ,  Copenhagen  Telephone 
Co.,  Colbjumsensgade  15,  Copen- 
hagen. 

268,  Broadway,  New  York. 


1893  Kal,  E.  M. 
1888  Kanda,  Senkichi 

1894  KhkhNai 

(Lttang  Thoralade  Thurakaree) 

1893  KoDAMA,  Hayazuchi,  M.E. 

1881  KoLViG,  F. 

1891  Kraqh,  H.  C.     . 

1884  KUHAKURA,  EOSAXU,  M.E. 

1896  KuRSCH,  Christian  Vilhelx  . 


Assistant  Inspector,  Government  Tele- 
graphs, Batavia. 

Engineering  Bureau,  Ministry  of  Com- 
munications, Tokio,  Japan. 

Director-General  of  Siam  Telegraphs, 
Bangkok,  Siam. 

Tokio  Electric  Light  Co.,  Tokio,  Japan. 

Great  Northern  Telegraph  Company, 
103,  Rue  de  GreneUe,  Paris. 

Great  Northern  Telegraph  Co.,  Nagasaki, 
Japan. 

Imperial  Naval  Engineering  College, 
Yokasuka,  Japan. 

The  Great  Northern  Telegraph  Company, 
Lihau,  Russia. 


Digitized  by  LjOOQ  IC 


FOREIGN  MEMBERS. 


187 


1899    Lapont,  The  Very  Rev.  Father 

E.,  S.J.,  CLE. 
1886    Lanza,  F.  A.       . 


1890  Labson,  Geo.     .. 
1895    LebiiAnc,  Charles 

1891  Lloyd,  Robert  M. 
1878    LoBiT,  Don  Luis 

1880  §LocKWOOD,  T.  D. 

1898    Lopez,  Don  Pedro 


10,  Park  Street,  Calcatta. 

Lispeotor-Gheneral,  London  Platino  Bra- 
zilian Telegraph  Co.,  Monte  Video. 

Wassijaure,  Rombaksbotten,  Norway. 

(Soci6t6  Electro-Motrice)  24,  Boulevard 
des  Capucines,  Paris. 

100,  Broadway,  New  York,  U.S.A. 

Director  of  Spanish  Telegraphs,  Corunna, 
Spain. 

American  Bell  Telephone  Company,  126, 
Milk  Street,  Boston,  Mass.,  U.S.A. 

Inspector-General  of  Posts  and  Nationa 
Telegraphs,  Buenos  Aires,  Argentine 
Republic. 


1886    Manne,  Jacques 
1896    Martin,  Julius  . 

1891    Martin,  T.  Commbbford 


1884  Master,  Ardesheeb  Bubjobji 

1875  Maynabd,  G.  C. 

1896  M^LOTTE,  Felix  J.  L.  . 

1879  Menieb,  Henbi 
1881  Mebgadieb,  E.  . 

1896  Mix,  Edoab  W. 

1898  MiyakI:,  Junsuke,  M.E. 

1880  Mohnibr,  D.      . 

1900  Mora,  AmroNio  de  la  . 

1888  MOBISHIHA,  EOTABO,  M.E. 

1877  MuLVAD,  Cabl   . 


Anderlecht,  prds  Bruxelles,  Belgium. 
16,  Oak  Street,  Newark,   New  Jersey, 

U.8.A. 
Editor,    "  The    Electric^    World    and 

Enqineer,"  120,  Liberty  Street,  New 

York. 
679  T,  ardeo,  Bombay,  Lidia. 
Electrical  Engineer,  Smithsonian  List!- 

tution,  Washington. 
Directeur,  Technique  des  Ateliers  Jaspar ; 

2,  Rue  Jonfosse,  Li^ge. 
66,  Rue  de  Chateaudun,  Paris. 
Directeur  des  Etudes  k  I'l&cole  Polytech- 

nique,  21,  Rue  Descartes,  Paris. 
12,  Boulevard  des  Invalides,  Paris. 
Tokyo  Kogyo  Gakko,  Kuramaye,  Asakusa- 

Ku,  Tokyo,  Japan. 
8,  Lnpasse  Cothenet,  Paris. 
Electricista  Castellana,  V^Uadolid,  Spain. 
Engineering  Bureau,  Ministry  of  Com- 
munications, Tokio,  Japan. 
Royal  Danish  Telegraphs,  Copenhagen. 


1898    Nakahaba,  Iwasabubo 
1884    Nakano,  Hatsune,  M.E. 


The    Tokio  Electric  Light  Co.,   Tokio, 

Japan. 
The  College  of   Engineering,   Lnperial 

University,  Tokio,  Japan. 
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1888    Nakayama,  Nobuyobhi,  M.E 


1894  Neileb,  Samuel  G. 

1876  Nielsen,  P.  C.  C. 

1888  NiwA,  8.  D.,  M.E. 

1890  NoLET,  Paul      . 

1899  NoRBEBO-ScHULz,  Thomas 


Engineer,    Post   and   Telegraph  Office, 

Sapporo,  Hokkaido,  Japan. 
1409,  Manhattan  Block,  Chicago,  Illinois, 

U.S.A. 
Great  Northern  Telegraph  Company,  3, 

St.  Helen's  Place,  E.C. 
Nagoya    Electric   Light   Co.,    Nagoya, 

Japan. 
Ing^nieur  en  Chef  des  Chantiers  Navala, 

Ateliers  et  Fonderies  de  Nicolaiefi, 

Russia. 
Director,    Municipal    Electric    Works, 

Christiania,  Norway. 


1886    OX,  Saitobo,  M.E. 

1889    Otaoawa,  Mabayuki,  M.E. 


Ministry  .of  Communications,  Engineer- 
ing Bureau,  Tokio,  Japan. 
Ashio  Copper  Mine,  Shimotsuke,  Japan. 


1891  Pasteub,  J.  D.   . 

1896  PeiJa  y  Bbama,  Louis  de  la    . 

1899  PESCETTO,  Colonel  F. 

[Local  Hon.  Sec.  and  Treasurer 
for  Italy) 

1896  Petebsen,  Albebt 

1877  Petebsen,  J.  A.  P. 

1881  Petebsen,  E.  B. 

1877  Ppobdten,  Fbedebick  von  deb 

1888  Picou,R.  V.       . 

1894  Piebce,  Richabd  Henby 

1894  Pinna,  Dr.  Claudiano  Luiz     . 

1896  POULSEN,  C.         .  .  . 


Inspector,  Dutch   Indian   Govemment 

Telegraphs,  Batavia. 
Olozaga  13,  Madrid,  Spain. 
DirettoredelloStablimentoElettrotecnieo 

Gio  Ansaldo  Geneva,  per  Comigliano 

ligure,  Italy. 
Norwegian     Govemment      Telegraphs, 

Arendal. 
Great    Northern    Telegraph    Company, 

Nystad. 
Managing  Director,  Copenhagen    Tele- 
phone Co.,  Copenhagen. 
Eastern  Extension  Telegraph  Co.,  Hong 

Kong. 
41,  Rue  Saint  Ferdinand,  Paris. 
1406-12,  Manhattan  Buildings,  Chicago, 

Illinois,  U.S.A. 
Estac&o    Central    Telegraph    National, 

Rio-de-Janeiro,  Brazil. 
Assistant  Director  of  Imperial  Chinese 

Telegraphs,  Tientsin,  China. 
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1899    Rasmussen,  Einab 

1896    RASMUSSEN,  J.  S.      , 

(Local  Hon.  See,  and  Trea- 
surer  for  Norway) 

1877  Rau,  Edouabd  . 
1876  Raymond,  L.  . 
1890    Reidy,  R.  J.       . 

1885    Renisch,  H.       . 

1878  REF80LD,  J.  Geobg 

1892    Rice,  Edwin  Wilbub,  Jan.     . 

1890  RoussEL,  M. 

1891  Roux,  G.  Paul  . 


Superintendent  State  Railway  Telegraph, 
Ghrifltiana,  Norway. 

Director-General  of  Government  Tele- 
graphs, Ghristiania,  Norway. 

15,  Rue  du  Luxembourg,  Brussels. 

86,  Rue  Washington,  Paris. 

Western  and  Brazilian  Telegraph  Co.^ 

Rio  de  Janeiro,  Brazil. 
"  Krupp  Stahl  Werke,"  Essen  a.  Ruhr,. 

Germany. 
Care  of  Messrs.  E.  Diederichsen  &  Co., 

Kl.  Johannestrasse,  Hamburg. 
General  Electric  Co.,  Schenectady,  New 

York,  U.S.A. 
19,  Avenue  Henri  Regnault,  Sevres,  Seine 

et  Oise,  France. 
Apartado,    647,    Habana,    Cuba,    West 

Indies. 


1872    Salvatobi,    Le    Commandeur 

Fedele 
1878    Sabgent,  W.  D. . 


1898  ScHAAB  Alfbed  . 

1899  Sch6nau,  W.  J. 

1880    Selighann-Lui,  Gustave  P.    . 
1886    Sebrin,  H.         .  .  . 

1894  §SIEMENS,  Abnold  Von 

{Local  Hon.  Sec.  and  Trea- 
surer/or Oermany) 

1894   §SlEMENS,  WiLHELBC  VON 

1892    SiSBiNGH,  Dr.  R. 

1874  SSOLDAN,  Don  Gablos  Paz 

1875  Sonne,  Cabl  C.  . 

1899    Sfbagub,  F.  J.  . 

1892    Spbong,  M.  a.  Van  deb 

1892    Stanley,  W.,  Jun. 

1874  §Stbaubb,  Otto 

1875  SuENBON,  Albbbt 

1875    SuENSON,  Commodore  Edwabd 


Presso  il  Signer  Fillipo  Colonna,  6, 
Rione  Sirignano,  Naples. 

The  New  York  and  New  Jersey  Tele- 
phone Co.,  16,  Smith  Street, 
Brooklyn,  N.Y.,  U.S.A. 

12,  Millionnaya,  St.  Petersburg. 
Great  Northern  Telegraph  Co.,  Shanghai » 
78,  Rue  Mozart,  Paris. 

13,  Boulevard  du  Temple,  Paris. 
94,  Markgrafen  Strasse,  Berlin. 


94,  Markgrafen  Strasse,  Berlin. 

Oosterpark,  79,  Amsterdam. 

Lima,  Peru. 

Great    Northern    Telegraph    Company,. 

Shanghai. 
The  Sprague    Electric   Co.,   20,    Broad 

Street,  New  York. 
Assistant     Inspector,     Dutch     Indian 

Government     Telegraphs,     Lahat,. 

Sumatra. 
Great  Barrington,  Mass.,  U.S.A. 
Telegraph    Engineer,    No.    1709,    Calle 

Cangallo,  Buenos  Ayres. 
43«  Stockholmsgade,  Copenhagen. 
Store   Nordiske   Telegraf    Selskab,    26,. 

Kongens  Nytorv,  Copenhagen. 
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1888    Tamaki,  Bentaba,  M.E. 
1888    Tatham,  James  . 
1891  §Te8la,  Nikola  . 
1888    TiMM,  Julius 

1895     TiSCHENDOERFEB,  FbED  W. 

1877    ToBLEB,  Professor  Dr.  Adolph. 

1882      TOUANNE,  G.  DE  LA 

1873  §Tbant,  Lawbence  B.    . 
1888    Tsuboi,  Makoto,  M.E.  . 


MEMBEBS. 

Ministry  of  Ck>miiiunication6,  Tokio, 
Japan. 

226  and  228,  South  Fifth  Street,  Phila- 
delphia, U.S.A. 

'*  The  Gerlach,"  55,  West  Twenty-seventh 
Street,  New  York,  U.S.A. 

Great  Northern  Telegraph  Company, 
Shanghai. 

Chief  Electrical  Engineer,  care  of  Union 
Elektricitats  Gesellschaft,  Hutten- 
strasse,  12  to  16,  Berlin,  N.W. 

Federal  Polytechnic  School,  Zurich. 

Ing^nieur  des  T^^graphes,  103,  Hue  de 
Grenelle,  Paris. 

The  Nippon  Railway  Company,  Tokio, 
Japan. 


1894    Unbehaun,  Cabl  Albebt 


Telegraph  Department,  Adelaide,  South 
Australia. 


1884  Vansize,  W.  B.  . 

1891  VanVleck,  J.    . 

1890  ViANi  Pbovedo,  Don  Mabio 

1896  ViLHENA,  Dr.  Alvaro  de 

1897  VOGELS-DOLHAIN,  B.  L. 


Patent   Expert,    263,    Broadway,    New 

York  City,  U.S.A. 
Edison  Illuminating  Co.,  comer  Pearl 

and  Elm  Streets,  New  York,  U.S.A. 
Calle  del  Peru,  No.  19,  Valladolid,  Spain. 
Vice-Director  of  Govenmient  Telegraphs, 

Bio  de  Janeiro,  Brazil. 
Juliana  van  Stolherglaan,  1,  The  Hague. 


1893  Walckenaeb,  Chables. 

1887  Wassmann,  Capt.  G.  C. . 

1891  Wetzleb,  Joseph 

1877  WissE,  W.  J.      . 

1896  Wolff,  Pbitz  Nial 

1879  wunschbndobpf,  juleb  h. 


218,  Boulevard  St.  Germain,  Paris. 

Strandpromenaden,  No.  2,  Copenhagen. 

President,  Electrical  Engineer  Institute 
of  Correspondence  Instruction,  240, 
West  23rd  Street,  New  York. 

Kiezergracht,  146,  Amsterdam. 

Telegraph  Engineer,  Government  Rail- 
ways, Aarhus,  Jutland,  Denmark. 

92,  Bue  de  Bennes,  Paris. 
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1884    YosHiDA,  Masahide      .  .3,  Hayabusacho   Kojimachi-Ku,  Tokjo^ 

Japan. 


1898    ZiNDEB,  Don  Alfredo  . 

1890     ZiPERNOWSKY,  C. 


.    Engineer,    Telegraph     Service,    Buenos 

Aires,  Argentine  Republic. 
.    Kir  Jozsef  Miiegyotem,  Buda-Pesth. 


Total  Number  of  Foreign  Members 


180 


TOTAL  NUMBER  OF  MEMBERS. 


Honorary  Members 

4 

Members  (M.I.E.E.)      . 

790 

Associate  Members  (A.M.LE.E) 

.     ,  644 

Associates  (A.I.E.E.)     . 

.     1,624 

Students 

419 

Foreign  Members 

180 

Total    . 

.     3,661 
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Ube  Oresbam  f^rcMf 

UNWIN  BROTHERS^ 
WonVG  AKD  LOKDON. 
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